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Abstract: Objectives
Skilled attendance at birth is key for the survival of pregnant women. This study
investigates whether women at increased risk of maternal and newborn complications
in four East African countries are more likely to deliver in a health facility than those at
lower risk.
Methods
Demographic & Health Survey data for Kenya 2014, Rwanda 2014-15, Tanzania 2015-
16 and Uganda 2011 were used to study women with a live birth in the three years
preceding the survey. A three-level obstetric risk index was created using known risk
factors. Generalised linear Poisson regression was used to investigate the association
between obstetric risk and facility delivery.
Results
We analysed data from 13,119 women across the four countries of whom 42-45%
were considered at medium risk and 12-17% at high risk, and the remainder were low
risk. In Rwanda, 93% of all women delivered in facilities but this was lower (59-66%) in
the other three countries.  There was no association between a woman's obstetric risk
level and her place of delivery in any country; increased wealth and education were,
however, independently strongly associated with facility delivery.
Conclusions
In four East African countries women at higher obstetric risk were not more likely to
deliver in a facility than those with lower risk. . This calls for a renewed focus on
antenatal risk screening and improved communication on birth planning to ensure
women with an increased chance of maternal and newborn complications are
supported to deliver in facilities with skilled care.
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Skilled attendance at birth is key for the survival of pregnant women. This study investigates whether women at increased risk of maternal and newborn complications in 
four East African countries are more likely to deliver in a health facility than those at lower risk.  
Methods  
Demographic & Health Survey data for Kenya 2014, Rwanda 2014-15, Tanzania 2015-16 and Uganda 2011 were used to study women with a live birth in the three years 
preceding the survey. A three-level obstetric risk index was created using known risk factors. Generalised linear Poisson regression was used to investigate the association 
between obstetric risk and facility delivery.  
Results 
We analysed data from 13,119 women across the four countries of whom 42-45% were considered at medium risk and 12-17% at high risk, and the remainder were low 
risk. In Rwanda, 93% of all women delivered in facilities but this was lower (59-66%) in the other three countries.  There was no association between a woman’s obstetric 
risk level and her place of delivery in any country; increased wealth and education were, however, independently strongly associated with facility delivery.  
Conclusions 
In four East African countries women at higher obstetric risk were not more likely to deliver in a facility than those with lower risk. This calls for a renewed focus on 
antenatal risk screening and improved communication on birth planning to ensure women with an increased chance of maternal and newborn complications are supported 





In global and national efforts to improve maternal and newborn health, a key focus has been to increase skilled attendance at birth (1), primarily through increasing the 
proportion of women delivering in a healthcare facility(2). Facility delivery rates have increased in most countries over the last decade, but, as with other health outcomes, 
this gain has been inequitable  (3) and affected by factors including distance to facility and fees (4). While maternal mortality has decreased since 1990, few countries 
reached the 75% reduction set for MDG5a. MDG4 has seen greater progress, with many countries achieving a 2/3rds reduction in child mortality, however, newborn 
mortality lags behind that of children over 1 month old and now contributes to almost 50% of all under 5 deaths(1). Even where regional or country-level progress is good, 
heterogeneity often exists, with poor socio-demographic factors, such as lack of education, associated with worse maternal outcomes(5).  At the start of the Sustainable 
Development Goal (SDG) era, as we consider how to maintain and accelerate progress, one important focus must be on reaching the most vulnerable women: those at high 
risk of maternal and newborn complications who are not receiving adequate care.  
Identifying women at higher risk is complex, and complications often occur in low-risk women; however certain well-known factors, many of which can be identified before 
labour, increase the chance of obstetric complications occurring: poor obstetric history (6-8), co-existing medical conditions(9-11) or factors related to the current 
pregnancy such as primi- or grand multi-parity and multiple pregnancy(12-14). Labour is a process which for many progresses safely with little or no intervention, but the 
development of obstetric complications in a minority of deliveries is unpredictable and can rapidly lead to severe morbidity or mortality for the mother or her baby. Good 
monitoring to detect problems early and prompt access to skilled personnel combined with appropriate resources to manage these problems are necessary to prevent 
adverse outcomes. Women at higher risk of developing complications should benefit from skilled birth attendance, and it is of particular importance that they access 
facility-based care where complications can be managed rapidly. 
While previous studies have investigated some of the reasons women do and do not access health facility care at birth, to our knowledge none have explored the effect of 
obstetric risk factors on women’s attendance. Therefore, we used survey data from four East African countries (Kenya, Tanzania, Rwanda, Uganda) to determine whether 
women at increased risk of obstetric complications were more likely to deliver in a facility. We also examined the effect of wealth and education on delivery location and 
whether these modified the effect of obstetric risk.  
 
METHODS 
Data used are from the most recent Demographic and Health Surveys (DHS) for the following countries and years: Kenya 2014, Rwanda 2014-15, Tanzania 2015-16 and 
Uganda 2011. These are nationally representative, cross-sectional, household surveys using standardised questionnaires and shown to produce high-quality data for low- 
and middle-income settings which are comparable across countries (15). Women aged 15-49 years were included in the surveys. Our sample was of women who had had 
their last live birth in the three years prior to the survey; who were regular household members rather than visitors; and who had data on weight and height. The latter 
were available for approximately half the total sample in Rwanda and Kenya, around 31% of the Uganda sample, and around 99% of the Tanzania sample.  
The outcome was place of delivery for the index (most recent) birth. It was coded as a binary outcome: facility or non-facility delivery, with the latter including respondent’s 
home, other home, traditional birth attendant’s home, en route to provider, or ‘other’. Facility birth was chosen in preference to skilled birth attendant (SBA) as it is less 
prone to misclassification by women and should provide the necessary equipment as well as the personnel to enable skilled attendance.  
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An obstetric risk index for each woman in our sample was created using variables derived from DHS survey responses, listed in Table 1 along with the maternal/newborn 
complications with which they are associated. The selected criteria closely match those for higher risk pregnancy in the clinical guidelines from Uganda and Kenya, including 
age, parity, nutritional status, poor obstetric history and multiple pregnancy, but are unable to capture information on medical conditions which are not recorded in the 
DHS (16, 17).  We classified risk factors as medium if they were moderately associated with elevated obstetric risk such as parity, short height, poor nutritional status, short 
birth interval, no antenatal care and history of caesarean section or stillbirth with a subsequent vaginal delivery and live birth. Factors were classified as high risk if they 
were considered to be strongly associated with a risk of complications for mother or baby, such as caesarean section or stillbirth in the previous pregnancy, or of 
importance for some other reason as indicated in the table, based on epidemiological evidence and clinical consensus. Mothers’ weight and height, used to assess 
malnutrition and obesity, were measured during the survey interview up to 3 years after the index birth; we assumed that women had the same risk from these parameters 
prior to the index birth. The combination of these factors determined a woman’s risk at one of three levels: low, where no risk factors were observed; medium, where only 
one of the medium risk factors was observed; and high, where one or more high risk factors or two or more medium risk factors were observed.   
Socio-economic position, assessed using mothers’ education or household wealth, is known to be strongly associated with delivery location (18) and was considered a 
potential confounder or effect modifier of any association with obstetric risk. It could be an effect modifier if for example high risk impoverished women were more likely to 
deliver in a facility, while wealthier women usually do so in the first place.  Mothers’ highest educational level was recoded as ‘no education’; ‘primary’; and ‘secondary or 
higher’. For all countries we used the already-existing wealth index within the DHS which had been created with urban-rural weightings. The weighted index aims to reduce 
urban-bias and better distinguish the poorest from the other poor households (19).  
ANALYSIS STRATEGY 
All data management and analysis was undertaken in Stata SE 14.0, using svyset commands to account for the sampling strategy using individual sample weights and 
clustering. Percentages of women at each obstetric risk level, educational level and wealth quintile were estimated. We used generalised linear Poisson models to 
investigate the crude and adjusted effect of obstetric risk index, wealth and education on facility delivery. This model was chosen to estimate risk ratios because our 
outcome , facility delivery, is common (>10% incidence) and, as incidence increases, there is a growing disparity between odds ratios and risk ratios (20, 21). Models with 
interaction terms explored whether wealth or education modified the association between obstetric risk and facility delivery. To understand obstetric risk better, we 
examined the association between each individual risk factor and delivery location, plus the relationship between wealth and obstetric risk, using weighted percentages and 




Table 1: Medium and high risk factors included in obstetric risk index 
LIST A: MEDIUM RISK FACTORS 
RISK FACTOR Associated obstetric complications 
First birth Maternal dystocia (12) 
Shortness (less than 145 cm used to 
be consistent with standards used by 
DHS) 
Maternal dystocia; miscarriage; stillbirth; fistula 
(12, 22-24) 
Past Caesarean in last 5 years, but 
has had vaginal delivery since and 
prior to focus birth 
 
Scar rupture; placental complications; stillbirth; 
and increased morbidity and mortality for 
mother and infant (6, 8, 25) 
Grand multiparity (focus birth is at 
least number six in live birth order) 
placental complications; foetal 
malpresentation; postpartum haemorrhage 
(14) still birth, newborn mortality(26) 
Malnutrition (BMI <18.5) low birth weight; intrauterine growth 
restriction; premature labour (27-29) 
Obesity (woman’s BMI is >30) Stillbirth; post-partum haemorrhage; pre-term 
delivery; emergency Caesarean; macrosomia; 
hypertension; pre-eclampsia; diabetes mellitus 
(30-36) 
Past stillbirth in last 5 years, but last 
birth prior to focus birth was live 
birth 
Stillbirth, , newborn mortality, intrapartum 
asphyxia, placental abruption, pre-term 
delivery (7, 26, 37) 
Birth interval prior to focus birth was 
12 months or less 
Stillbirth, newborn mortality, pre-term birth, 
low birth weight, small size for gestational age, 
decreased gestational age associated with 
short birth interval (26, 38-40) 
Sibling prior to focus birth died aged 
1-12 months 
Post-neonatal death (41) 
 
Woman has had no ante-natal care 
in focus pregnancy 
No identification of and intervention in 







LIST B: HIGH RISK FACTORS 
RISK FACTOR Associated obstetric complications Reason for high risk level 
Focus birth is twins or triplets Hypertension, pre-eclampsia, pre-term labour, dystocia, 
placental abruption, perinatal mortality and morbidity, uterine 
atony and postpartum haemorrhage (13, 26) 
Multiple potential complications with emergency 
risk to the second twin. Should be encouraged to 
deliver in a facility offering CEmONC 
Stillbirth was last delivery prior to 
focus birth 
Stillbirth, newborn mortality, intrapartum asphyxia, placental 
abruption, pre-term delivery (7, 8, 26, 37) 
 
Multiple potential complications including 
another stillbirth. Loss of the previous pregnancy 
can increase the importance of a successful 
outcome for mother and birth attendants 
Last delivery prior to focus birth was 
Caesarean section 
 
Scar rupture, placental complications, and increased  
morbidity and mortality for mother and infant have been 
associated with recent Caesarean section (6, 25) 
 
Multiple potential complications with increased 
risk of requiring another caesarean section 
therefore needs good access to CEmONC. There 
has been no successful trial of scar.  
Sibling prior to focus birth died in 
first month of life 
 
Associations have been found between sibling neonatal 
outcomes including stillbirth and newborn mortality (26, 43-45) 
 
Loss of the previous newborn can increase the 
importance of a successful outcome for mother 
and birth attendants.  
Focus birth is to woman aged under 
16 
stillbirth, pre-term labour, low birthweight, neonatal mortality, 
small-for-gestational age infants (46-48) 
Multiple potential complications including 
neonatal mortality 
Focus birth is first child born to 
woman aged 35+  
 
Miscarriage, gestational diabetes, placenta previa, placental 
abruption, Caesarean delivery, macrosomia, pre-term delivery, 
low birth weight, neonatal mortality, 
multiple gestation, hypertension, foetal death, operative 
vaginal delivery, post-partum haemorrhage, stillbirth (49-51) 
Multiple potential complications. Woman has 2 




Our initial sample was the women with their most recent live birth in the three years preceding the survey who were 
regular household members (not visitors) and who had anthropometric data: 13,360. Of these, 193 were missing 
data on delivery location and are not included in the remainder of the results and a further 47 lacked data on at least 
one component of the risk score leaving 13,119 women with complete data for the analysis (Rwanda 2158; Kenya 
4733; Tanzania 5033; Uganda 1195). All numbers given are weighted unless otherwise stated.  
The proportion of women considered at medium obstetric risk was similar (42-45%) in each country. High obstetric 
risk was rarer, ranging from 12% (95%CI 11%-14%) in Rwanda to 17% (95%CI 14%-20%) in Uganda. Most women had 
only primary education; Kenyan women were the highest educated with 35% receiving secondary or higher 
education (95%CI 33-37%) compared to only 14-24% in the other three countries (Table 2). The overall proportion of 
women delivering in facilities was 59-66% in Kenya, Tanzania and Uganda but much higher in Rwanda at 93% (95%CI 
91-94%) (Table 3). 
A key finding is that obstetric risk level had no effect on whether a woman delivered in a facility in any of the four 
countries, after adjusting for wealth and education (Table 3).  
Most women were considered at risk because of their parity: over 40% of women in each country were either primi- 
or grand multi-parous. Poor nutritional status also occurred frequently in Kenya, Tanzania and Uganda where 
malnutrition or obesity affected 17% (95%CI 16%-19%); 14% (95% CI 13%-16%); and 13% (95%CI 11%-15%) of 
women in each country respectively (disaggregated data shown in Table 4). The risk of not having antenatal care did 
not exceed 4% in any of the countries. Other risk factors each occurred in 5% or less of women (Table 4).  
Wealth and highest level of education showed strong, independent associations with delivery location (Table 3). The 
effect of socioeconomic status was greatest in Kenya and smallest in Rwanda. Wealth did not modify the effect of 
obstetric risk on facility delivery in any of the countries. While facility deliveries clearly increased with increasing 
wealth, the relationship with obstetric risk is similar in all quintiles (Fig. 1 and Appendix Table A). There is statistical 
evidence that education modified the association between obstetric risk and delivery location in Kenya and Tanzania 
(Appendix Table A). Among the most educated Tanzanian women, those at high risk were more likely to deliver in a 
facility than women at low risk (RR 1.12 95% CI 1.05-1.20). However, in Kenya, there is no consistent pattern. 
Obstetric risk level did not vary by wealth in Rwanda or Uganda (Figure 2 and Appendix Table B). In Kenya and 
Tanzania, there is evidence of a difference in risk levels by wealth but patterns are inconsistent: high obstetric risk 
was commonest among the richest women in Tanzania but among the poorest in Kenya (Fig.2 and Appendix Table 
B). 
Individual risk factors showed a more complex relationship with wealth. Primiparous women were overall more 
likely to be wealthy and to deliver in a facility, whereas grand multiparity was associated with being poor and giving 
birth outside a health facility, although in Rwanda this relationship was less pronounced (Fig 3 and Appendix Table 
C). The same pattern is seen for under- and over-nutrition; malnourished women were poorer and less likely to 
deliver in a facility, while the opposite was seen for obese women (Table 4 and Appendix Table C).  
Having a caesarean section in the birth prior to the index birth showed the strongest association with facility delivery 
and occurred more often among women of higher socio-economic status. However, it was a risk factor for only 1-5% 
of women studied. A similar pattern was seen for primiparous women aged over 35 years, but there were too few in 
the sample to draw any conclusions. Women not attending antenatal care were less likely to have a facility delivery 
everywhere except Uganda, but the relationship between no antenatal care and wealth was inconsistent. Other 
factors showed little or no consistent association with either wealth or facility delivery.  
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Table 2:  Distribution of women’s obstetric risk, wealth and education in four East African Countries 








  Weighted  





















Low  988 (46) 1967 (41) 1997 (40) 477 (39) 
Medium  903 (42) 2005 (42) 2266 (45) 514 (42) 
High  267 (12) 762 (16) 770 (15) 204 (17) 
Missing 0 (0) 13 (0.3) 15 (0.3) 19 (2) 
Wealth 
quintiles 
Poorest 534 (25) 1074 (23) 1183 (23) 266 (22) 
Poorer 468 (22) 950 (20) 1057 (21) 258 (21) 
Middle 401 (19) 865 (18) 945 (19) 232 (19) 
Richer 373 (17) 884 (19) 978 (19) 229 (19) 
Richest 383 (18) 974 (21) 884 (18) 230 (19) 
Education 
levels 
No education 289 (13) 527 (11) 975 (19) 149 (12) 
Primary  1556 (72) 2564 (54) 3251 (64) 778 (64) 
Secondary or higher 313 (14) 1655 (35) 822 (16) 287 (24) 





TABLE 3: Association between women’s obstetric risk, wealth or education and having a facility delivery in four East African countries 

















































Total 93%    66%    66%    59%    
Obstetric 
Risk index 
   0.6356    0.7800    0.3745    0.3095 
Low 92% 1.00 1.00  67% 1.00 1.00  65% 1.00 1.00  58% 1.00 1.00  

































 71%  1.09 
(1.02-
1.17) 
 1.01  
(0.95-
1.07) 







Wealth    0.0001    <0.0001    <0.0001    <0.0001 
Poorest 87% 1.00 1.00  33% 1.00 1.00  45% 1.00 1.00  36% 1.00 1.00  










53%  1.19  
(1.05-
1.34) 
 1.16  
(1.03-
1.31) 












































































Education    0.0003    <0.0001    <0.0001    0.0067 
None 85% 1.00 1.00  27% 1.00 1.00  46% 1.00 1.00  41% 1.00 1.00  
Any 
Primary  
















































*adjusted for all other variables in the table
10 
 
Table 4: Association between women’s individual obstetric risk factors and having a facility delivery in Four East African countries 
 RWANDA N=2158 KENYA N=4733 TANZANIA N=5033 UGANDA N=1195 
MEDIUM RISK FACTORS 
weighted 
































Focus birth was first-born 588 (27) 98 
1.07 
(1.05-1.10) 
1160 (25) 83 
1.37 
(1.31-1.44) 
1301 (26) 79 
1.30 
(1.24-1.36) 
172 (14) 72 
1.30 
(1.15-1.45) 
Height <145cm 56 (3) 95 
1.03 
(0.97-1.09) 
43 (0.9) 70 
1.05 
(0.82-1.35) 
88 (2) 75 
1.14 
(0.99-1.32) 
14 (1) 45 
0.77 
(0.41-1.45) 
Previous Caesarean but vaginal 
delivery before focus birth 
0 (0) N/A N/A 3 (0.1) 36 
0.54 
(0.16-1.87) 
0.3 (0.01) 100 
1.52 
(1.46-1.59) 
3 (0.2) 85 
1.46 
(0.95-2.25) 
Grand multiparous (>=6 live 
births) 
292 (14) 86 
0.92 
(0.87-0.96) 
749 (16) 39 
0.54 
(0.49-0.61) 
1025 (20) 48 
0.68 
(0.62-0.74) 
383 (32) 51 
0.83 
(0.73-0.95) 
Malnourished (BMI < 18.5) 96 (4) 87 
0.93 
(0.86-1.01) 
420 (9) 46 
0.68 
(0.60-0.76) 
357 (7) 59 
0.89 
(0.80-0.99) 
114 (10) 58 
0.99 
(0.82-1.19) 
Obese (BMI >= 30) 96 (4) 94 
1.01 
(0.96-1.08) 
406 (9) 88 
1.37 
(1.29-1.44) 
365 (7) 93 
1.46 
(1.38-1.55) 
33 (3) 71 
1.23 
(0.94-1.62) 
Previous stillbirth, but 
subsequent live birth prior to 
focus birth 
4 (0.2) 100 
1.08 
(1.06-1.09) 
5 (0.1) 47 
0.70 
(0.27-1.86) 
18 (0.4) 62 
0.95 
(0.62-1.46) 
1 (0.1) 100 
1.72 
(1.62-1.83) 
Short preceding birth interval 
(<=12months) 
22 (1) 82 
0.87 
(0.70-1.12) 
39 (0.8) 52 
0.78 
(0.56-1.08) 
42 (0.8) 53 
0.81 
(0.61-1.07) 
16 (1) 44 
0.76 
(0.41-1.40) 
Previous baby died aged 1-12 
months 
22 (1) 95 
1.03 
(0.94-1.13) 
71 (2) 58 
0.87 
(0.65-1.15) 
92 (2) 59 
0.90 
(0.73-1.11) 
35 (3) 54 
0.93 
(0.63-1.36) 
Woman has had no antenatal 
care 
20 (1) 57 
0.61 
(0.39-0.95) 
173 (4) 16 
0.23 
(0.15-0.35) 
113 (2) 27 
0.40 
(0.26-0.60) 
36 (3) 39 
0.66 
(0.39-1.12) 
HIGH RISK FACTORS            
Focus birth twins/triplets 28 (1) 100 
1.08 
(1.06-1.09) 
83 (2) 73 
1.10 
(0.91-1.31) 
87 (2) 70 
1.06 
(0.89-1.26) 
21 (2) 60 
1.03 
(0.69-1.53) 
Last delivery before focus birth 
was stillbirth 
8 (0.4) 100 
1.08 
(1.06-1.09) 
30 (0.6) 78 
1.18 
(0.97-1.44) 
53 (1) 70 
1.07 
(0.85-1.35) 
8 (1) 65 
1.12 
(0.61-2.04) 
Last delivery before focus birth 
was Caesarean 
98 (5) 100 
1.08 
(1.06-1.10) 
118 (3) 92 
1.40 
(1.30-1.51) 
81 (2) 95 
1.45 
(1.36-1.56) 
33 (3) 72 
1.25 
(0.99-1.57) 
Previous baby died in first 30 
days of life 
36 (2) 91 
0.98 
(0.87-1.09) 
102 (2) 74 
1.12 
(0.94-1.33) 
104 (2) 70 
1.06 
(0.92-1.23) 
36 (3) 56 
0.96 
(0.66-1.40) 
Woman was under 16 at time 
of focus birth 
4 (0.2) 100 
1.08 
(1.06-1.09) 
40 (0.8) 65 
0.98 
(0.77-1.25) 
41 (0.8) 56 
0.85 
(0.61-1.17) 
4 (0.3) 51 
0.88 
(0.40-1.96) 
Focus birth was first born to a 
woman aged 35+ 
4 (0.2) 100 
1.08 
(1.06-1.09) 
2 (0.04) 100 
1.51 
(1.47-1.55) 
8 (0.2) 100 
1.52 
(1.46-1.59) 
0 0  
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RWANDA KENYA TANZANIA UGANDA
low risk medium risk high risk
*Facility delivery risk ratio comparing richest to poorest women adjustd for obstetric risk (95% Confidence Interval). All p-values<0.001 
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Country and wealth quintile
risk high risk medium risk low
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Overall obstetric risk, as defined in our study, was not associated with delivery location. This is concerning as it 
suggests that women with a higher risk of developing maternal or newborn complications are as likely to deliver at 
home or in a facility as women without specific risk factors. Possible explanations relate to access, awareness of risk, 
and concerns about quality of care.  
Geographical and financial barriers to facility care are known (52) and are supported by the large associations seen 
between wealth and facility delivery in our data. Preterm and short labours reduce the opportunity to overcome 
these barriers, and are more common with risk factors such as multiple gestation and grand multiparity. Other family 
members, who have not learnt about a woman’s risk at antenatal appointments, may decide where she gives birth. 
For example, in Uganda, husbands are very important in both choosing and overcoming barriers to access facility 
delivery (53).  
Women not receiving ANC might be unaware of their risk; advice given during ANC to deliver in a health facility has 
been shown to predict use of skilled facility delivery care (54, 55) and ANC was strongly associated with facility 
delivery in this study,  except in Uganda. The large majority of women (96-99%) attended at least one antenatal 
appointment, however, from the DHS reports for these countries we know only around half of women attended the 
recommended four visits (56-59). Some risk factors, like multiple gestation, are harder to identify in low-resource 
settings without easy access to ultrasound scans. Certain at-risk women may not understand advice given, for 
example women who have delivered safely at home for previous births may not appreciate that their grand multi-
parity now puts them at a higher risk (18). Some women will grasp the risk of complications occurring but doubt the 
quality of facility care or fear neglect and maltreatment (52, 55), especially if they experienced a stillbirth or 
newborn death in a previous pregnancy. For others, demands such as caring for older children may take priority over 
a stay in hospital.  
Antenatal care, which is at least partially accessed by the large majority of women, provides a key opportunity to 
identify women at increased obstetric risk, explain the importance of skilled attendance and encourage birth 
planning. Risk identification is acknowledged in the new WHO recommendations on ANC as important to reduce 
maternal morbidity and mortality (60) and it is therefore surprising that none of the 49 recommendations specifically 
addresses risk identification or describes the constituents of a high-risk pregnancy. This reflects the change in 
emphasis that occurred in the early 2000s, away from a risk approach to considering every pregnancy to be at risk. 
However, we would argue alongside others (26), that it is important to identify pregnancies with higher risk for the 
mother and baby, inform women of this risk and encourage and enable them to deliver in a hospital with the 
capacity to manage complications and perform Caesarean sections (CEmONC).  
Communication on birth preparedness and complication readiness, as described in the earlier WHO guidelines on 
health promotion for maternal and newborn health (61), is expected to occur at all ANC contacts so is only referred 
to in recommendations for community-based interventions and task shifting. All four countries in our analysis have 
introduced focussed ANC, including four antenatal visits, communication on birth preparedness and 
recommendations for all women to deliver with a skilled attendant. However, studies in Kenya, Uganda and Tanzania 
observed only 24-76% of women received birth preparedness advice and only 7% of Ugandan women were informed 
about danger signs (62, 63) indicating that the quality of ANC is poor and needs improvement. All women should be 
encouraged to deliver in a health facility(2), but particular attention should be given to women with any identified 
risk factors, many of whom should be recommended to deliver not only in a facility but in one offering 
comprehensive emergency obstetric care. Monitoring of ANC activities, both routinely and in surveys such as the 
Service Provision Assessment(64), should include indicators on  risk assessment and communication. 
Overall facility delivery rates varied widely between the countries studied, suggesting that differences in health 
policy, including fee exemption schemes, and health service delivery (access and quality) affected uptake of facility 
care. Population distribution might also be relevant: Kenya has remote areas, while Rwanda is smaller, making travel 
easier. User fees for maternity services were abolished in Tanzania and Uganda before the period studied, as well as 
in Kenyan health centres and dispensaries.  However, neither Kenya, nor Uganda saw immediate improvements in 
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facility deliveries as a result (65, 66) and studies in Kenya and Tanzania show most women continued to pay a service 
fee, despite the policy (65, 67).  
Rwanda notably has both a higher overall facility delivery rate and smaller differences between rich and poor than 
the other three countries. As well as developing a successful health insurance scheme (68), making maternity care 
more financially accessible, the country has also invested heavily in the development of their Community Health 
Worker (CHW) programme. CHWs provide community education, identify pregnant women and give ongoing 
encouragement to attend ANC and deliver in a facility(69). Between 2005 and 2010 a steep increase in facility 
deliveries was seen in Rwanda (70), coinciding with sustained capacity building of CHWs especially through training 
in Maternal and Child Health. However, almost 80% of these facility deliveries occur in low-level facilities not offering 
full basic emergency obstetric care (BEmOC), compared to Uganda and Kenya where over 40% of facility deliveries 
occur where comprehensive emergency care is provided (71).  
Similar to other studies(3), we found women with a higher socio-economic status or educational level were much 
more likely to deliver in a facility. In Tanzania, education appeared to modify the effect of risk on delivery location 
with obstetric risk driving place of delivery only among better educated women. The difference in facility delivery 
rates between risk groups was small and these results were not replicated elsewhere so should be treated with 
caution. However, it is plausible that more educated women might better understand the complex concept of risk 
and subsequently deliver in a facility, and improving girls’ education should be advocated for this and many other 
reasons.  
Wealth did not modify the effect of obstetric risk on delivery location and there is no consistent association across 
countries between wealth and overall obstetric risk. This is probably explained by the clustering of individual 
components of obstetric risk into different wealth groups, especially those associated with parity and nutrition. The 
most common risk factors related to parity and our results confirm those of other studies which show higher risk is 
associated with both lower socioeconomic status and lower likelihood of facility delivery (18). Conversely, due to 
their smaller completed family size, richer women in the sample are more likely to be giving birth for the first time, 
putting them at increased risk of complications associated with first delivery, such as obstructed labour. However, 
they are more likely to deliver their baby in a health facility. Socio-economic status is therefore an integral part of 
the relationship between risk and facility delivery, affecting the most common factors that increase obstetric risk as 
well women’s decisions about where they give birth.    
LIMITATIONS TO OUR STUDY  
We used a simple approach to measuring obstetric risk, taking the factors available in population-based surveys 
known to carry an increased risk of obstetric complications, and using the premise that once a woman had a risk 
factor she would benefit from delivering in a facility.  We regarded certain factors, and the combination of 2 or more 
factors, as increasing a woman’s risk further (grouped under the “high-risk” category). However, we did not weight 
the factors beyond this. This categorisation has not been done before and the association between this grouping of 
risk factors and actual health outcomes for women and newborns is unknown, although based on evidence 
supporting the individual factors.  
Some important risk factors are not collected in the DHS and thus we could not include these in our categories, 
notably clinical risk factors such as diabetes and anaemia, previous poor obstetric history such as haemorrhage and 
pre-eclampsia, as well as clinical risk factors identified in the current pregnancy, such as pre-eclampsia or placenta 
praevia. Therefore, women whom we categorised as low risk may have been identified with such risk factors in the 
pre-pregnancy or antenatal period, weakening any potential association between obstetric risk and delivery location. 
Furthermore, while some obstetric risk factors are identifiable prior to delivery, predicting antenatally which women 
will develop complications at birth is difficult (72-74). Consequently, the priority in low-resource settings where 
emergency transport is unavailable is still to ensure that all women have access to high-quality delivery care in a 
health facility.  
The DHS relies on self-reported data and there could be differences between individuals’ recall and characterisation 
of risk factors. Self-reported aspects of risk like stillbirth may suffer from under-reporting for personal reasons, but it 
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is unclear if this would vary by socioeconomic background, or in which direction. The validity of self-reported data 
for factors such as previous caesarean section is known to be high (75). The use of the DHS’ wealth quintiles is 
imperfect as they are relative measures of within-country wealth, and not comparable between countries. The 
wealth indices are, however, weighted to mitigate urban/rural disparities.  
The DHS only provides detailed data about live births, as reported by the mother. Therefore, our sample excludes 
women who died or who had a stillbirth in the index pregnancy – two important potential consequences of obstetric 
complications. Some early neonatal deaths may also have been misclassified as stillbirths and not included in our 
sample of live births.  
Women’s weight was measured at the time of the survey and we assumed that they were in the same weight 
category (malnourished, low-risk or obese) at the time of their index pregnancy, whereas this might have changed 
following delivery. However, the similarity in the main results across countries, despite differences in the 
contribution of weight to medium risk scores (8-18%) suggests any potential misclassification is unlikely to be 
causing major bias. Data on previous caesarean sections and stillbirths is only available for the 5 years preceding the 
survey: therefore earlier events are not captured in our risk factors, and we may have misclassified medium or high-
risk women as having a lower obstetric risk.  
CONCLUSION 
The troubling key message from our results is that many women who can be easily identified before delivery as 
being at increased potential risk of maternal and newborn complications are not delivering within a health facility. 
Many of these complications require urgent care unavailable at home, such as caesarean section. Instead, it appears 
to be a woman’s socio-economic status that determines her likelihood of a facility delivery. One straightforward way 
to improve this situation could be a renewed focus within ANC on screening for obstetric risk and improving 
communication around birth planning to reduce context-specific barriers to facility delivery. Further research into 
the quality of ANC communication, the effect of increased awareness of risk on women’s decision-making, and the 
specific barriers faced by high-risk women will help to highlight the key areas for intervention and to strengthen 
service quality. In country, greater attention could also be given to service innovations such as maternity waiting 
homes which lessen the inequities related to transport and geographical accessibility of facility care. Lessons can also 
be learned from the comparative equity and high proportion of facility deliveries seen in Rwanda, exploring the role 
of community-based interventions to improve birth preparedness and strengthening the call for available and 
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Table A: Tests for interaction between obstetric risk and wealth or education 
    RWANDA KENYA TANZANIA UGANDA  
Wealth quintiles Obstetric risk 
facility delivery 
RR compared to 




RR compared to 




RR compared to 




RR compared to 
low risk (95% CI) 
p-value for 
interaction 
Poorest Medium 1.04 (0.96-1.11) 0.13 0.89 (0.72-1.10) 0.25 1.01 (0.86-1.18) 0.62 1.08 (0.73-1.61) 0.79 
  High 0.99 (0.88-1.11)  0.75 (0.55-1.01)   0.97 (0.77-1.23)   1.40 (0.88-2.20)   
Poorer Medium 0.99 (0.91-1.08)  1.05 (0.93-1.18)   1.05 (0.90-1.22)   1.11 (0.83-1.49)   
  High 1.08 (1.02-1.14)  1.02 (0.84-1.24)   1.12 (0.91-1.38)   1.18 (0.83-1.69)   
Middle Medium 1.02 (0.97-1.07)  0.92 (0.80-1.06)   0.88 (0.77-1.00)   0.99 (0.73-1.35)   
  High 1.04 (0.98-1.11)  1.07 (0.90-1.26)   0.91 (0.75-1.09)   1.07 (0.73-1.57)   
Richer Medium 1.00 (0.95-1.06)  0.98 (0.90-1.06)   1.02 (0.93-1.12)   1.04 (0.80-1.34)   
  High 0.99 (0.91-1.08)  1.01 (0.89-1.14)   1.07 (0.95-1.20)   0.81 (0.53-1.23)   
Richest Medium 1.01 (0.99-1.04)  1.06 (1.00-1.12)   1.00 (0.96-1.04)   1.04 (0.92-1.17)   
  High 0.99 (0.95-1.04)  1.07 (1.00-1.14)   1.03 (1.00-1.07)   1.05 (0.92-1.21)   
Education   RWANDA KENYA TANZANIA  UGANDA  
No education Medium 0.96 (0.86-1.07) 0.77 0.84 (0.60-1.20) 0.03 1.00 (0.84-1.18) 0.001 0.72 (0.45-1.13) 0.16 
  High 1.02 (0.89-1.16)   0.56 (0.36-0.86)  0.78 (0.59-1.02)   0.76 (0.45-1.35)   
Any Primary Medium 1.02 (0.99-1.06)   0.94 (0.86-1.02)  0.92 (0.87-0.99)   1.04 (0.87-1.25)   
  High 1.02 (0.97-1.07)   1.00 (0.90-1.11)  1.08 (1.00-1.17)   1.11 (0.91-1.35)   
Secondary or 
higher Medium 1.00 (0.97-1.03)   1.03 (0.98-1.09) 
 
1.07 (1.00-1.15)   1.25 (1.08-1.46)   






Table B: Weighted number (percentage) of women at each obstetric risk level by wealth quintile for four East African countries 
 
RWANDA N= 2158 KENYA N=4733 TANZANIA N=5033 UGANDA N= 1195 
OBSTETRIC RISK OBSTETRIC RISK OBSTETRIC RISK OBSTETRIC RISK 
Low Med High Overall Low Med High Overall Low Med High Overall Low Med High Overall 



































































































































*Pearson’s chi-squared test 
 
Table C: Association between individual risk factors and wealth in four East African Countries 
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Focus birth was first born to a woman 














*Total includes those who have any of the risk factors 
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 *Total includes those who have any of the risk factors 
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Comments from email received at 16.23 March 7th, 2017: 
Reviewers' comments: 
 
Reviewer #1: This papers investigates whether mothers at risk, thus those most vulnerable to 
complications, are delivering in a facility. This raises the neglected topic on obstetric risk and 
whether the policies and health systems in poor rural settings are able to support women at 
increased risk. I like to congratulate the authors to reviving the risk thinking of the 1990s which got 
neglected in programming for maternal and newborn health in the past years summarised with the 
slogan "every pregnancy faces risks" . 
The study methodology is sound, the statistical analyses appropriate. 
However, I have a few concerns but these should not prevent the paper to be published. I clearly see 
a large value in the paper as it is. However, I like to mention some concerns: 
 
First, the authors use DHS data which refer to deliveries of around 2007 to 2010. In view of the rapid 
economic development in SSA and the rapid changes in facility delivery seen in the past few years, I 
wonder whether these data are not too old to make meaningful conclusions?  
Moreover, new DHS data are available from three countries, Kenya 2014, Rwanda 2014/15 and 
Tanzania 2015/16, while the report from Uganda is not yet published.  
 
Thank you for this comment – the older datasets were originally chosen to match with another 
analysis conducted by our team. However, we agree that the newer data is more appropriate and 
have now analysed the new surveys for Kenya, Rwanda and Tanzania and report these results in 
place of the old ones. The main results of the study remain unchanged.  
 
Second, I wonder whether one should lump the high risk groups together. All of them are very 
different, and I assume that the antenatal care policies in the four countries also differ. I do not think 
the message gets stronger when constructing the indicator high risk, instead I think it might be good 
to have 2 tracers for the analysis, maybe previous Caesarean section and twin delivery?  
 
Thank you for this comment. The associations between each individual risk factor and facility 
delivery are presented in Table 4 and summarised in the results section, also taking note of their 
associations with wealth. Particular attention is given to Caesarean section in the previous delivery. 
However, the proportion of women with any one of these factors is very small which limits the 
conclusions that can be made. For example, only 1-2% of women have multiple pregnancy. While 
the risk-factors are different, they all increase the chance of obstetric or neonatal complications. The 
creation of a composite high-risk variable which combines previous caesarean, twin pregnancy and 
other factors provides more power to assess the relationship with place of delivery.  
 
 
Thirdly, I miss that the authors put the results in country perspectives such as the structure and 
content of antenatal care, the messages given to women, the options to detect risk factors (I assume 
that twin deliveries are missed in many cases) and the overall health system structure. For example, 
Kenia has a much more centralised system, where delivery care is organised in less facilities. I 
contrast, in Tanzania and Rwanda delivery facilities are very close.  
 
Thank you for these suggestions. We have now added to the paragraph on ANC in the discussion 
section to include a discussion of the new WHO recommendations and some studies showing what is 
happening in practice in the countries studied.  
 
Identification of women at risk and effective communication with them are acknowledged in the new 
WHO recommendations on ANC as important to reduce maternal morbidity and mortality (62). It is 
Response sheet to referees
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therefore surprising that of the 49 recommendations, none specifically addresses risk identification or 
describes the constituents of a high-risk pregnancy. This reflects the change in emphasis that 
occurred in the early 2000s, away from a risk approach to considering every pregnancy to be at risk. 
However, we would argue, as others have before (26), that it is important to identify pregnancies 
with higher risk for the mother and baby, inform women of this risk and encourage and enable them 
to deliver in a hospital with the capacity to manage complications and perform Caesarean sections 
(CEmONC).  
Communication on birth preparedness and complication readiness, as described in the earlier WHO 
guidelines on health promotion for maternal and newborn health (63), is expected to occur at all ANC 
contacts so is only referred to in recommendations for community-based interventions and task 
shifting. All four countries in our analysis have introduced focussed ANC, including four antenatal 
visits, communication on birth preparedness and recommendations for all women to deliver with a 
skilled attendant. However, studies in Kenya, Uganda and Tanzania observed only 24-76% of women 
received birth preparedness advice and only 7% of Ugandan women were informed about danger 
signs (64, 65) indicating that the quality of ANC is poor and needs to be improved. 
 
We have also added a sentence on the level of health facility where deliveries take place 
 
However, it should also be noted that [in Rwanda] almost 80% of these facility deliveries occur in low-
level facilities that do not offer full basic emergency care, compared to Uganda and Kenya where 
over 40% of facility deliveries occur where comprehensive emergency care is provided. 
 
Fourthly, I miss a more in-depth review/discussion of what might be the reasons for missing these 
women at risk. A lot is mentioned such as barriers to assess facility deliveries, but the discussion is 
general, not in relation to the risk factors. I assume such evidence is largely missing.  However, there 
are many researchers in the four countries who could give more insights and speculate what the 
reasons are specifically for the risk factors you did examine. For example, I believe that twins are not 
really detected during ANC, and mother will be surprised by early contractions at home, and cannot 
make it anymore to the facilities.   
In contrast, the risk factor previous CS is known (unless there is misclassification and some women 
reported previous episiotomies). Women are typically referred to a hospital, and not any facility for 
delivery. Thus much larger distances have to be overcome and I expect differences for this indicator 
in relation to socio-economic status.  
 
Thank you for this helpful comment. We have expanded the early discussion of barriers to access to 
explore how these might relate to some of the particular risk factors in question. This is mainly 
speculation based on the authors’ understanding of the context but we hope it strengthens the 
argument. Women with CS in the previous pregnancy have high rates of facility delivery, so in many 
cases have overcome the barrier of distance, however, as discussed, they are also wealthier. The 
Updated paragraphs are as follows: 
 
There are many possible explanations for this finding related to access, awareness of risk, and 
concerns about quality of care.  
Geographical and financial barriers to facility care have been previously described (52) and are 
supported by the large associations seen between wealth and facility delivery in our data. Preterm 
and short labours reduce the opportunity to overcome these barriers, and are more common with 
risk factors such as multiple gestation and grand multiparity. Other family members, who have not 
learnt about a woman’s risk at antenatal appointments, may decide where she gives birth. For 
example, in Uganda, husbands are very important in both choosing and overcoming barriers to 
access facility delivery (53).  
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Women who do not receive ANC might be unaware of their risk; advice given during ANC to deliver in 
a health facility has been shown to predict use of skilled facility delivery care (54, 55) and ANC was 
strongly associated with facility delivery in this study, with the exception of Uganda. The large 
majority of women (96-99%) attended at least one antenatal appointment, however, from the DHS 
reports for these countries we know only around half of women attended the recommended four 
visits (56-59). Some risk factors, such as multiple gestation, are more difficult to identify in low-
resource settings without easy access to ultrasound scans. Certain at-risk women may not 
understand the information they are given, for example women who have delivered safely at home 
for previous births may not appreciate that their grand multi-parity now puts them at a higher risk 
(18). Some women will grasp the risk of complications occurring but doubt the quality of facility care 
or fear neglect and maltreatment (52, 55), especially if they experienced a stillbirth or newborn death 
in a previous pregnancy. For others, demands such as caring for older children may take priority over 




A few minor comments 
I recommend to add the time period to which the numbers in the table belong to (years 2007-2010 
or so)  
This is now included in Table 2 
Discussion: I recommend to include and refer to the policy documents/guidelines in the countries to 
review the risk factors.  
Reference to Uganda and Kenya guidelines which list obstetric risk factors is now made in the 
Methods section as they support the choice of criteria. High-risk criteria could not be found in any 
guidelines from Tanzania and Rwanda 
 
The selected criteria closely match those for high-risk pregnancy in the clinical guidelines from 
Uganda and Kenya, including age, parity, nutritional status, poor obstetric history and multiple 
pregnancy, but are unable to capture information on medical conditions which are not recorded in 
the DHS (16, 17). 
 
I recommend to include a discussion around the argument which led to the re-focused ANC 
programmes giving more emphasis on providing services (syphilis screening Malaria prophylaxis etc) 
than risk detection. We probably need to new slogan: "Every pregnancy faces risk, but some mother 
and babies are more at risk" or so ???  
As described above, we now discuss the new ANC recommendations and argue for more attention 
to be given to detecting high-risk pregnancies.  
 
Under limitations of the study I would like to reject that risk factors would not be differentially 
reported by women of different socio-economic status. Also, the problem around data on Caesarean 
sections are known and the authors could go there more in-depth.  
 
Thank you – we are now more cautious about this statement in relation to reporting risks such as 
previous stillbirth. While older versions of the DHS may have led to confusion with episiotomies, the 
current questionnaire is much clearer and validation studies have shown very high sensitivity and 
specificity of self-report. The sentences have been updated as follows; 
 
Self-reported aspects of risk such as stillbirth may suffer from under-reporting for personal reasons, 
but it is unclear if this would vary by socioeconomic background, or in which direction. The validity of 




I do not think that the conclusions at present give the way forward. How can community-based 
initiatives help to detect pregnancy risks if already facility based ANC probably fails? And sure, we do 
not know where the problem is: 1) risk detection, 2) communication of risk/birth preparedness at 
ANC 3) taking the decision to go to a facility 4) being able to do so (twins might led to premature 
labor where there is little chance to reach any facility).  
 
Thank you for these comments and questions. We have added a stronger emphasis on risk 
identification and communication in ANC, the need for further research to identify where the 
problem may be and have been more specific about the role of community-based interventions in 
birth preparedness (rather than detecting risk). The paragraph already considers the need to reduce 
geographical and financial barriers and improve quality of care.  
 
One straightforward way to improve this situation could be a renewed focus within ANC on screening 
for obstetric risk and improving communication around birth planning to reduce context-specific 
barriers to facility delivery. Further research into the quality of ANC communication, the effect of 
increased awareness of risk on women’s decision-making, and the specific barriers faced by high-risk 
women will help to highlight the key areas for intervention and to strengthen service quality. In 
country, greater attention could also be given to service innovations such as maternity waiting 
homes that can help to overcome some of the inequities related to transport and geographical 
accessibility of facility care. Lessons can also be learned from the comparative equity and high 
proportion of facility deliveries seen in Rwanda, exploring the role of community-based interventions 
to improve birth preparedness and strengthening the call for available and affordable high-quality 
services for all women.  
 
I feel the ANC package needs to be looked at, and in this respect I also miss a reference to the new 
guidance from WHO.  
 
Please see new paragraph above 
Thank you for giving me the chance to read this very interesting paper 
Thank you for your useful and insightful comments 
 
 
Reviewer #2: This paper examines the association between level of obstetric risk and delivery in a 
facility in four East African countries.  It is timely given that the new SDG framework includes specific 
targets for ending preventable maternal deaths, and access to skilled delivery care is essential for 
achieving these targets.  The paper is very well written, the methodology is sound, the presentation 
of the results is clear and the discussion section does a thorough job of interpreting the results and 
presenting plausible explanations for the findings in each of the four countries. The limitations 
section is also well done.  The authors do show that there is no strong relationship between 
obstetric risk and facility delivery (with a small exception in Rwanda), which does suggest that we 
are failing to convey the message to even women at high risk the importance of a facility delivery in 
these four settings, and are not sufficiently addressing barriers to such care.   
 
However, there are a few minor issues that could be addressed to strengthen the study, including 
presenting ideas for future research in each of the countries to explore context specific reasons for 
low coverage levels of institutional deliveries (aside from Rwanda) and emphasizing the importance 
of all women, not just those identified at higher risk, having access to skilled care and a functional 
referral system given that most complications are unpredictable  
 




1.  Introduction.   
 
- The authors seem to conflate skilled attendance at birth with institutional delivery, although they 
note later on that one reason why women may not opt to deliver in a facility is because of reports of 
poor quality of care (which can include that the providers are not always skilled at the facility, and 
may lack needed equipment, running water, etc, and there may not be respectful care either). I think 
they could make a clearer argument for why they are focusing on institutional delivery and not 
skilled attendant at birth, or looking at SBA in combination with the referral system.  
 
Thank you for this comment. We agree that a clearer argument is necessary and have added an 
extra sentence to the methods to explain the choice of outcome.  
 
Facility birth was chosen in preference to skilled birth attendant (SBA) as it is less prone to 
misclassification by women and should provide the necessary equipment as well as the personnel to 
enable skilled attendance. 
 
- The authors state that it is the women at highest obstetric risk that are falling through the cracks 
(in their effort to position this paper and the study hypothesis within the context of the SDGs).  
However, this doesn't seem to really be the case since women in all wealth quintiles and education 
levels were found to have a similar % of women in the highest risk category (although the set of risk 
factors may have differed between these groups of women).  The study findings seem instead to 
echo other research that show it is poor and less educated women that are falling the farthest 
behind in terms of access to institutional delivery and are the ones in need of most targeted 
attention.  I think the authors could still make the argument that it is important to look at the 
relationship between level of risk and likelihood to access facility delivery as a measure of how well 
we are 1) informing women, especially those at high risk, of the importance of skilled delivery care 
and access to a functional referral system, and 2) how well we are addressing other barriers to care 
like lack of transport, poor quality, cultural factors, etc.  
 
Many thanks for this comment. We agree that poor and less educated women are the ones falling 
behind in terms of accessing skilled care at birth. In the introduction we were trying to argue that 
the most vulnerable women are those who are both at high risk and not accessing care. We have 
changed the sentence at the end of the first paragraph to clarify this.  
 
At the start of the Sustainable Development Goal (SDG) era, as we consider how to maintain and 
accelerate progress, one important focus must be on reaching the most vulnerable women: those at 
high risk of maternal and newborn complications who are not receiving adequate care.  
 
The issues around informing women and addressing other barriers are picked up in the discussion 
 
- The authors' stated prediction is predicated upon high risk women receiving counseling about their 
warning signs and the importance of facility delivery. But, we are not given any information on 
coverage levels of ANC4 or whether women recognized that they were at high risk (the classification 
system is one that was developed by the authors so it's not clear to me if the women would have 
identified themselves as at low, medium or high risk).  So, it could be that women in these contexts 
are also not receiving adequate ANC or any kind of counseling on risk factors and danger signs.  
 
We agree that the hypothesis that women at risk are more likely to attend for facility delivery 
depends on many other factors such as women knowing and understanding their risk, as well as 
them overcoming all the other barriers to facility care. We have decided to remove the prediction 
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from the introduction and have added more to the results and discussion on coverage and content 
of ANC as mentioned above. 
 
- It's not clear why there is mention of progress towards MDG4, there is no other reference to child 
or neonatal mortality and this seems a non-necessary statement unless the authors want to make a 
better link between the maternal and newborn health outcomes that can be improved with skilled 
attendance at birth.   
 
Many thanks for raising this point. Our intention was to consider the risk to the mother and her 
baby, and the risk factors included in the study can lead to poor outcomes for newborns as well as 
mothers – as illustrated in Table 1. We have made this more explicit in the text by referring to 
“maternal and newborn complications” in a number of places.  
 
2.  Methods 
This section is really excellent.  It would be good for the authors to explain that it is also 
advantageous to use the DHS for comparability across the countries, which is a key component of 
this study. I do think the authors should also note how old the data is.  I think there are newer DHS 
for Kenya and Rwanda (2014-2015), and with the recall period being the last 3 to 5 years, these 
findings for Kenya in particular are quite old and may not reflect more current patterns of 
institutional delivery.   
 
Thank you for these positive comments. As described above, we have carried out the analysis on the 
new DHS datasets and this is presented in the revised version of the paper. We have revised the 
second sentence of the Methods section to include the comparability of the DHS data.  
 
These are nationally representative, cross-sectional, household surveys using standardised 
questionnaires and shown to produce high-quality data for low- and middle-income settings which 
are comparable across countries 
 
3.  Results 
Figure 3 is not called out anywhere in the text, unless figure 4 is supposed to be figure 3?  And, I find 
figure 3 very hard to interpret.  What do the two series represent?  
 
Many apologies for the poor labelling and referencing of figure 3. This has now been corrected and 
we hope the figure is much clearer.  
 
4. Discussion and conclusion. 
 
- It could be argued that women with higher obstetric risk are as likely to have a home OR A FACILITY 
delivery as women at lower risk.  The way this sentence is written is misleading to support the 
authors' stated premise.  
Agreed – we have changed the sentence 
This is concerning as it suggests that women with a higher risk of developing maternal or newborn 
complications are as likely to deliver at home or in a facility as women without specific risk factors 
  
- The authors do a great job of presenting all the possible reasons for why women may not have 
accessed an institutional birth regardless of their risk level.  
-  However, with no information on patterns of ANC use or access to other forms of counseling, it's 
difficult to determine what women knew about their level of risk and the importance of delivering in 
a facility.  
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Thank you for this comment. As described above, we have now tried to show how some of the risk 
factors particularly relate to certain barriers to access. We have also included information on ANC 
attendance and discussed the content of ANC observed in other studies.  
 
- I think the authors miss an opportunity to stress the need for future research in each of these 
countries to get a better understanding of how awareness of risk affects women's decision making 
on accessing care, and on the other more structural factors that may impede women's ability to 
access a facility delivery even if they and their partners are informed about the importance of it (i.e., 
transportation, user fees, inability to go unescorted to a facility, poor quality of care, etc.)  
 
Thank you for highlighting the need for further research. We have added a sentence to the 
conclusion.  
 
One straightforward way to improve this situation could be a renewed focus within ANC on screening 
for obstetric risk and improving communication around birth planning to reduce context-specific 
barriers to facility delivery. Further research into the quality of ANC communication, the effect of 
increased awareness of risk on women’s decision-making, and the specific barriers faced by high-risk 
women will help to highlight the key areas for intervention and to strengthen service quality. 
 
- I think although the authors should stress that women in high risk groups are a priority for 
counseling on the need for delivering in a facility, that this should not preclude or overshadow the 
importance of counseling all women on the importance of skilled delivery care and making a birth 
plan in case of complications given that complications are often unpredictable and happen even in 
women with no known risk factors.  
 
Thank you for this suggestion. We hope the additions to the discussion on ANC give suitable 
attention to birth preparedness and complication readiness for all women.  
 
And, the authors should build upon the findings that showed the relationship between education 
level and wealth - they mention short term strategies that are specific to the health system, but 
what about longer term approaches that would improve women's social status in these countries?  
 
Thank you – we very much appreciate this comment and agree that reducing inequalities in gender 
and wealth are essential for many developments to take place. However, we believe that such 
expansive recommendations are not really appropriate following this analysis of cross-sectional 
survey data, especially where wealth and education were not the primary exposures examined.  
 1 
 
Who Delivers Where? The effect of obstetric risk on facility 
delivery in East Africa 
Sandra Virgo1  
Susannah Woodd1  
Giorgia Gon1  
Francesca L. Cavallaro1  
Wendy Graham1 
1 Faculty of Epidemiology and Population Health, London School of Hygiene & Tropical Medicine  






Skilled attendance at birth is key for the survival of women with potential higher risk of obstetric complications. This 
study investigates whether women at increased obstetric risk in four East African countries are more likely to deliver 
in a health facility than those at low risk.  
Methods  
Demographic & Health Survey data for Kenya 2008-9, Rwanda 2010, Tanzania 2010 and Uganda 2011 were used to 
study women with a live birth in the three years preceding the survey. A three-level obstetric risk index was created 
using known risk factors available in the data set. Generalised linear Poisson regression was used to investigate the 
association between obstetric risk and facility delivery and to test whether wealth or education modified any 
association.  
Results 
In Kenya, Tanzania and Uganda there was no association between a woman’s obstetric risk level and her place of 
delivery. In Rwanda there was a small increase in facility delivery among women at medium risk compared to those 
at low risk, adjusting for wealth and education (adjusted RR 1.06 95% CI 1.03-1.10), but not among those at high risk. 
Increased wealth and education were associated with facility delivery but neither factor interacted with obstetric 
risk.  
Conclusions 
Being at greater risk of obstetric complications according to our risk index does not make a woman likelier to deliver 
in a facility.  Although obstetric risk is experienced by women of all socio-economic backgrounds, only the more 





In global and national efforts to improve maternal and newborn health, a key focus, and one of the former 
Millennium Development Goal (MDG) indicators, has been to increase skilled attendance at birth (1), primarily 
through increasing the proportion of women delivering in a healthcare facility(2). An increase in facility delivery rates 
has been seen in most countries, but, as with other health outcomes, there is an inequitable distribution (3) affected 
by factors including distance to facility and fees (4). While maternal mortality has decreased since 1990, few 
countries reached the 75% reduction set for MDG5a. Greater progress has been seen for MDG4, with many 
countries achieving a 2/3 reduction in child mortality, however, newborn mortality lags behind that of children over 
1 month old and now contributes to almost 50% of all under 5 deaths(1). Even where regional or country-level 
progress is good, heterogeneity often exists, with poor socio-demographic factors, such as lack of education, 
associated with worse maternal outcomes(5).  At the start of the Sustainable Development Goal (SDG) era, as we 
consider how to sustain and accelerate progress, one important focus must be on reaching the most vulnerable 
women: those most at risk of obstetric complications currently falling through the gaps.  
Identifying the women most at risk is complex, and complications often occur in low-risk women; however certain 
well-known factors increase the chance of obstetric complications occurring: poor obstetric history (6-8), co-existing 
medical conditions(9-11) or factors related to the existing pregnancy such as primi- or grand multi-parity and 
multiple pregnancy(12-14). Labour is a process which for many can progress safely with very little or no intervention, 
but the development of obstetric complications in a minority of deliveries is unpredictable and can rapidly lead to 
severe morbidity or mortality. Good monitoring, to detect problems early, and prompt access to skilled personnel 
combined with the appropriate resources to manage these problems is necessary to prevent this occurring. 
Therefore, the women at highest risk of developing obstetric complications are the ones who will benefit most from 
skilled attendance at a health facility, and it is of particular importance that they access care. Some risk factors can 
be identified before labour and women can be alerted to their increased risk, therefore, we predict that a higher 
proportion of facility deliveries will occur among these women.  
While previous studies have investigated some of the reasons that women do and do not access health facility care 
at birth, to our knowledge none have explored the effect of obstetric risk factors on women’s attendance. Therefore, 
we used survey data from four East African countries (Kenya, Tanzania, Rwanda, Uganda) to determine whether 
women at increased risk of obstetric complications were more likely to deliver in a facility. We also examined the 
effect of wealth and education on delivery location and whether these modified the effect of obstetric risk.  
 
METHODS 
Data used are from Demographic and Health Surveys (DHS) for the following countries and years: Kenya 2008-9, 
Rwanda 2010, Tanzania 2010 and Uganda 2011. These are nationally representative, cross-sectional, household 
surveys using standardised questionnaires and shown to produce high-quality data for low- and middle-income 
settings (15). The focus birth is the most recent live birth for each woman who had a child in the three years prior to 
the survey. Women aged 15-49 years were included in the surveys.  
The outcome was place of delivery for the index (most recent) birth. It was coded as a binary outcome; facility or 
non-facility delivery, with the latter including respondent’s home, other home, traditional birth attendant’s home, en 
route to provider, or ‘other’.  
An obstetric risk index for each woman in our sample was created using variables derived from DHS survey 
responses, listed in Table 1 along with the obstetric/delivery complications with which they are associated. We 
classified risk factors as medium if they were moderately associated with elevated obstetric risk such as parity, short 
height, poor nutritional status, short birth interval, no antenatal care and previous obstetric complications but not in 
the birth prior to the index birth. Factors were classified as high risk, if they were considered to be strongly 
associated with a risk of delivery complications or be of importance for some other reason as indicated in the table, 
based on epidemiological evidence and clinical consensus. Mothers’ weight and height, used to assess malnutrition 
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and obesity, were measured during the survey interview up to 3 years after the index birth, with the assumption that 
women had the same risk prior to the birth. The combination of factors determined a woman’s risk at one of three 
levels: low, where no risk factors were observed; medium, where only one of the medium risk factors was observed; 
and high, where one or more high risk factors or two or more medium risk factors were observed.   
Socio-economic position, assessed using mothers’ education or household wealth, is known to be strongly associated 
with delivery location (16) and was considered a potential confounder or effect modifier of any association with 
obstetric risk. It could be an effect modifier, if for example high risk impoverished women were suddenly more likely 
to deliver in a facility, while wealthier women usually do so in the first place.  Mothers’ highest educational level was 
recoded as ‘no education’; ‘primary (complete and incomplete)’; ‘incomplete secondary’; ‘complete 
secondary/higher education’. Wealth indices were derived using principal component analyses from variables 
representing household assets, using standardised DHS methodology (17). The first component was grouped into 
five quintiles (Qs) of households.  For Uganda, Rwanda and Tanzania we used the already-existing wealth index 
within the DHS which had been created with urban-rural weightings. For Kenya the wealth index was not weighted 
by location so we created a comparable national-level composite wealth index using rural and urban weights (18). 
The weighted index aims to reduce urban-bias and better distinguish the poorest from the other poor households 
(19).  
ANALYSIS STRATEGY 
All data management and analysis was undertaken in Stata SE 14.0. We used svyset commands to take into account 
the sampling strategy using individual sample weights and clustering. The percentage of women at each obstetric 
risk level, educational level and wealth quintile were estimated. We used generalised linear Poisson models to 
investigate the crude and adjusted effect of obstetric risk index, wealth and education on facility delivery. This model 
was chosen to estimate risk ratios because our outcome , facility delivery, is common (>10% incidence) and as 
incidence increases there is a growing disparity between odds ratios and risk ratios (20, 21). Models with interaction 
terms were used to explore whether wealth or education modified the association between obstetric risk and facility 
delivery. To understand obstetric risk better, we examined the association between each individual risk factor and 




Table One: Medium and high risk factors included in obstetric risk index 
LIST A: MEDIUM-RISK FACTORS 
RISK FACTOR Associated obstetric complications 
First birth Maternal dystocia (12) 
Shortness (less than 145 cm used to 
be consistent with standards used by 
DHS) 
Maternal dystocia; miscarriage; stillbirth; fistula 
(12, 22-24) 
Past Caesarean in last 5 years, but 
has had vaginal delivery since and 
prior to focus birth 
 
Scar rupture; placental complications; stillbirth; 
and increased morbidity and mortality for 
mother and infant (6, 8, 25) 
Grand multiparity (focus birth is at 
least number six in live birth order) 
placental complications; foetal 
malpresentation; postpartum haemorrhage 
(14) 
Malnutrition (BMI <18.5) low birth weight; intrauterine growth 
restriction; premature labour (26-28) 
Obesity (woman’s BMI is >30) Stillbirth; post-partum haemorrhage; pre-term 
delivery; emergency Caesarean; macrosomia; 
hypertension; pre-eclampsia; diabetes mellitus 
(29-35) 
Past stillbirth in last 5 years, but last 
birth prior to focus birth was live 
birth 
Stillbirth, intrapartum asphyxia, placental 
abruption, pre-term delivery (7, 36) 
Birth interval prior to focus birth was 
12 months or less 
Pre-term birth, low birth weight, small size for 
gestational age, decreased gestational age (37-
39) 
Sibling prior to focus birth died aged 
1-12 months 
Post-neonatal death (40) 
 
Woman has had no ante-natal care 
in focus pregnancy 
No identification of and intervention in 







LIST B: HIGH-RISK FACTORS 
RISK FACTOR Associated obstetric complications Reason for high risk level 
Focus birth is twins or triplets Hypertension, pre-eclampsia, pre-term labour, dystocia, 
placental abruption, perinatal mortality and morbidity, uterine 
atony and postpartum haemorrhage (13) 
Multiple potential complications with potential 
emergency risk to the second twin. Should be 
encouraged to deliver in a facility offering 
CEmONC 
Stillbirth was last delivery prior to 
focus birth 
Stillbirth, intrapartum asphyxia, placental abruption, pre-term 
delivery (7, 8, 36) 
 
Multiple potential complications including 
another stillbirth. Loss of the previous pregnancy 
can increase the importance of a successful 
outcome for mother and birth attendants 
Last delivery prior to focus birth was 
Caesarean section 
 
Scar rupture, placental complications, and increased  
morbidity and mortality for mother and infant have been 
associated with recent Caesarean section (6, 25) 
 
Multiple potential complications with increased 
risk of requiring another caesarean section 
therefore needs good access to CEmONC. There 
has been no successful trial of scar.  
Sibling prior to focus birth died in 
first month of life 
 
Associations have been found between sibling neonatal 
outcomes (42-44) 
 
Loss of the previous newborn can increase the 
importance of a successful outcome for mother 
and birth attendants.  
Focus birth is to woman aged under 
16 
stillbirth, pre-term labour, low birthweight, neonatal mortality, 
small-for-gestational age infants (45-47) 
Multiple potential complications including 
neonatal mortality 
Focus birth is first child born to 
woman aged 35+  
 
Miscarriage, gestational diabetes, placenta previa, placental 
abruption, Caesarean delivery, macrosomia, pre-term delivery, 
low birth weight, neonatal mortality, 
multiple gestation, hypertension, foetal death, operative 
vaginal delivery, post-partum haemorrhage, stillbirth (48-50) 
Multiple potential complications. Woman has 2 




In the rest of this article, all numbers given are weighted unless otherwise stated. A total of 15,566 women across 
the four countries had a live birth in the 3 years preceding the survey and had information on delivery location. As 
seen in Table Two, obstetric risk category could not be created for 114 (0.7%) of them, mainly due to missing 
information on antenatal attendance, and thus 15,454 were included in the analysis sample (Rwanda 4514; Kenya 
3001; Tanzania 4084; Uganda 3856). The proportion of women considered at medium obstetric risk was similar (40-
43%) in each country. High obstetric risk was less common, ranging from 11% (95%CI 10%-12%) in Rwanda to 19% 
(95%CI 17%-20%) in Kenya. The majority of women had only primary education; Tanzanian and Rwandan women 
were the least educated with only 7% (95%CI 6%-8%) and 9% (95%CI 8%-10%) having any secondary schooling 
respectively, compared to 24% in Uganda (95%CI 21%-26%) and 25% in Kenya (95%CI 22%-28%). Table Three shows 
the overall proportion of women delivering in facilities varied greatly between countries, from only 45% (95%CI 41%-
49%) of women in Kenya up to 79% (95%CI 77%-80%) in Rwanda (Table 3). 
Obstetric risk level had no effect on whether a woman delivered in a facility in Kenya, Tanzania or Uganda. In 
Rwanda there is good evidence that after adjusting for wealth and education, obstetric risk was associated with 
delivery location (p=0.002). However, the effect was small and mainly seen among those at medium risk of whom 
81% delivered in a facility compared to 76% of those with low risk (adjusted RR 1.06 95% CI 1.03-1.10). There was no 
evidence that women in Rwanda with high risk were more likely to deliver in a facility than those at low risk (RR 1.03 
95% CI 0.97-1.08).  
When we look at the individual factors that make up obstetric risk levels, it is clear that most women were 
considered at risk because of their parity: over 40% of women in each country were either primi- or grand multi-
parous. Poor nutritional status also occurred frequently in Kenya and Tanzania where malnutrition or obesity 
affected 16% (95%CI 14%-18%) and 13% (95% CI 12%-14%) of women in each country respectively. In Kenya 7.4% 
(95%CI 6%-9%) of women did not have antenatal care, but this risk was less common in the other countries. Other 
risk factors each occurred in less than 4% of women (Table 4).  
Wealth and highest level of education showed strong, independent associations with where a woman gave birth 
(Table 3). The effect of both wealth and education was greatest in Kenya and smallest in Rwanda. There is no 
evidence that wealth or education modified the effect of obstetric risk on facility delivery in any of the countries 
(Appendix Table A), irrespective of cell sizes. While facility deliveries clearly increased with increasing wealth and 
education, the relationship with obstetric risk is similar in all socio-economic groups (Fig. 1 and Appendix Fig. A).  
Obstetric risk level did not vary according to wealth in Rwanda or Tanzania (Figure 2 and Appendix Table B). In Kenya 
and Uganda there is evidence for small differences in risk according to a woman’s socio-economic status. In Kenya, 
high obstetric risk is more common among the poorest women and less common among the richest. Conversely in 
Uganda, low obstetric risk is more common among the richest women than those of other wealth levels. (Fig.2 and 
Appendix Table B).  
Individual risk factors showed a more complex relationship with wealth. Primiparous women were overall more 
likely to be wealthy and to deliver in a facility, whereas grand multiparity was associated with being poor and giving 
birth outside a health facility (Fig 4). The same pattern is seen for under- and over-nutrition in Kenya and Tanzania, 
and to a lesser extent in the other two countries (Table 4 and Appendix Table C); those suffering from malnutrition 
were poorer and less likely to deliver in a facility, while the opposite was seen for obese women.  
Having a caesarean section in the birth prior to the index birth showed the strongest association with facility delivery 
and occurred more often among women of higher socio-economic status, however, it was a factor for only 1-3% of 
women in the study. A similar pattern was seen for primiparous women aged over 35 years, but there were too few 
in the study population to be able to draw any conclusions. Women who did not attend antenatal care were less 
likely to attend a facility for their delivery and more likely to be poor. Other factors showed little or no consistent 




Overall obstetric risk, as defined in our study, was not meaningfully associated with delivery location. This is 
concerning as it suggests that women with a higher risk of developing obstetric complications are as likely to deliver 
at home, without direct access to care, as women without specific risk factors. There are many possible explanations 
for this finding. Even when women desire a facility delivery, geographical and financial barriers can exist, or the 
decision may not be theirs to make. Husbands, mothers and mothers-in-law may choose where a woman gives birth, 
and are less likely to accompany her to antenatal appointments and learn about the woman’s risk (51-53). If women 
do not receive antenatal care then they might be unaware of their risk. Advice given during ANC to deliver in a 
health facility has been shown to predict use of skilled facility delivery care (54, 55). However, some women may not 
understand or believe the information they are given, for example women who have delivered safely at home for 
previous births may not appreciate that their grand multi-parity now puts them at a higher risk (16). Some women 
will appreciate the chance of complications occurring but doubt the quality of facility care or fear neglect and 
maltreatment (53, 55). For others, demands such as caring for older children may take priority over a stay in hospital.  
While it does not address all the barriers mentioned above, antenatal care does provide a key opportunity to identify 
obstetric risk, educate women and encourage facility delivery. Analyses from Kenya and Tanzania suggest that a 
woman’s knowledge of safe birth and pregnancy risk factors increase her chances of utilising maternal healthcare 
(54, 56). When problems arose, Tanzanian women were more likely to say they wanted to give birth in a facility (57), 
demonstrating an appreciation of the need for skilled care. All women should be encouraged to deliver in a health 
facility(2), but particular attention should be given to women with any identified risk factors, many of whom should 
be recommended to deliver not only in a facility but in one offering comprehensive emergency obstetric care. 
Monitoring of ANC activities, both routinely and in surveys such as the Service Provision Assessment(58), needs to 
include this aspect of communication. 
Overall facility delivery rates varied widely between the countries studied, suggesting that differences in health 
policy and health service delivery affected uptake of facility care. (Population distribution might also be relevant, for 
example Kenya has desert areas while Rwanda is a small country, making travel easier.) User fees for maternity 
services were abolished in Tanzania and Uganda before the period studied, as well as in Kenyan health centres and 
dispensaries.  However, neither Kenya, nor Uganda saw immediate improvements in facility deliveries as a result of 
this change (59, 60) and studies in Kenya and Tanzania show the majority of women continued to pay a service fee, 
despite the policy (59, 61).  
Rwanda stands out as having both a higher overall facility delivery rate and smaller differences between rich and 
poor than the other three countries. As well as developing a highly successful health insurance scheme (62), making 
maternity care more financially accessible, the country has also invested heavily in the development of their 
Community Health Worker (CHW) programme. CHWs provide education at the community level, identify pregnant 
women and give ongoing encouragement to attend ANC and deliver in a facility(63). Between 2005 and 2010 a steep 
increase in facility deliveries was seen in Rwanda (64), coinciding with sustained capacity building of CHWs especially 
through training in Maternal and Child Health.  
Similar to other studies(3), we found women with a higher socio-economic status were much more likely to deliver in 
a facility. However, wealth did not modify the effect of obstetric risk on delivery location and there is no consistent 
association across countries between wealth and overall obstetric risk. This is likely to be explained by the clustering 
of individual components of obstetric risk into different wealth groups, especially those associated with parity and 
nutrition. The most common obstetric risk factors related to parity. Our results confirm those of other studies which 
show higher parity is not only an obstetric risk factor, associated with post-partum haemorrhage and foetal mal-
presentation, but is also associated with both lower socioeconomic status and lower likelihood of facility delivery 
(16). Conversely, due to their smaller family size, richer women are more likely to be giving birth for the first time, 
putting them at increased risk of complications from obstructed labour. However, they are more likely to deliver 
their baby in a health facility. Socio-economic status is therefore an integral part of the relationship between risk and 
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facility delivery, having a large effect on the most common factors that increase obstetric risk as well on women’s 
response to that risk in terms of where they give birth.    
LIMITATIONS TO OUR STUDY  
We used a simple approach to measuring obstetric risk, taking the factors available in population-based surveys 
known to carry an increased risk of obstetric complications, and using the premise that once a woman had a risk 
factor she would be more likely to benefit from delivering in a facility and should be given that option.  We did 
regard certain factors, and the combination of 2 or more factors, as increasing a woman’s risk further (grouped 
under the “high-risk” category). However, we did not attempt to weight the factors beyond this. This categorisation 
has not been done before and the association between these categories and actual health outcomes for women and 
newborns is unknown.  
Some important risk factors are not collected in the DHS and we were unable to include these in our categories, 
notably clinical risk factors such as diabetes and anaemia, previous poor obstetric history such as haemorrhage and 
pre-eclampsia, as well as clinical risk factors identified in the current pregnancy, such as pre-eclampsia or placenta 
praevia. Therefore, women whom we categorised as low-risk may have been identified with risk-factors in the pre-
pregnancy or antenatal period, weakening any potential association between obstetric risk and delivery location. 
Furthermore, while some risk factors for obstetric risk are identifiable prior to delivery, the potential to predict 
antenatally which women will develop complications is low (65-67). Consequently, the priority in low-resource 
settings where emergency transport is unavailable is still to ensure that all women have access to high-quality 
delivery care in a health facility.  
The DHS relies on self-reported data and there could be differences between individuals’ recall and characterisation 
of risk factors. Self-reported aspects of risk such as previous caesarean section or stillbirth may suffer from under-
reporting for personal reasons, but should not be differentially reported between women of varying socioeconomic 
backgrounds. The use of the DHS’ wealth quintiles is imperfect as they are relative measures of wealth within 
countries constructed systematically, but they are not directly comparable between countries. We have, however, 
used wealth index weighted by urban/rural status so that disparities between urban and rural households are 
mitigated. 
The DHS only provides detailed data about live births, as reported by the mother. Therefore our analysis is missing 
information for women who died or who had a still-birth in the focus pregnancy – two important potential 
consequences of obstetric complications. Some early neonatal deaths may also have been misclassified as stillbirths 
and not included in our sample of live births.  
Women’s weight was measured at the time of the survey and we assumed that they were in the same weight 
category (malnourished, low risk or obese) at the time of their pregnancy whereas weight gain or loss could have 
occurred following delivery. Possible misclassification is of most concern in Kenya and Tanzania where 19% and 15% 
respectively of women were categorised as at medium risk based on their weight compared to less than 4% in 
Rwanda and Uganda. However, the similarity in overall results seen in all four countries suggests any potential 
misclassification is unlikely to be causing bias. Data on previous caesarean sections and stillbirths is only available for 
the 5 years preceding the survey, therefore earlier events are not captured in our risk factors, and we may have 
misclassified medium or high-risk women as having a lower obstetric risk. However, for the variables which used 
death of a sibling to predict obstetric complications, we only used information relating to the immediately preceding 
sibling. 
CONCLUSION 
The troubling message from our results is that many women who can be easily identified before delivery as being at 
increased risk of obstetric complications are not delivering within a health facility. Although there is still room for 
improvement in availability and quality of obstetric care services in health facilities in the four countries studied, 
many of the potential complications identified would require urgent care which is not feasible to provide at home, 
such as caesarean section. Instead, it is a woman’s socio-economic status and education that determines her chance 
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of a facility delivery. Perhaps the most straightforward way of tackling this situation would be to exploit the 
educational component of ANC, particularly where it relates to screening for obstetric risk and encouragement to 
deliver in a facility. In country, greater attention could also be given to service innovations such as maternity waiting 
homes that can help to overcome some of the inequities related to transport and geographical accessibility of facility 
care. Lessons can also be learned from the comparative equity and high proportion of facility deliveries seen in 
Rwanda, exploring the role of community-based interventions for maternal and newborn health and strengthening 




1. Indicators I-AaEGoM. The Millennium Development Goals Report 2015. United Nations, 2015. 
2. Campbell OM, Graham WJ, group LMSSs. Strategies for reducing maternal mortality: getting on with what 
works. The lancet. 2006;368(9543):1284-99. 
3. Houweling TA, Ronsmans C, Campbell OM, Kunst AE. Huge poor-rich inequalities in maternity care: an 
international comparative study of maternity and child care in developing countries. Bulletin of the World Health 
Organization. 2007;85(10):745-54. 
4. Barros AJ, Victora CG, Cesar JA, Neumann NA, Bertoldi AD, Gwatkin D, et al. Brazil: are health and nutrition 
programs reaching the neediest?: World bank; 2005. 
5. Tunçalp Ö, Souza J, Hindin M, Santos C, Oliveira T, Vogel J, et al. Education and severe maternal outcomes in 
developing countries: a multicountry cross‐sectional survey. BJOG: An International Journal of Obstetrics & 
Gynaecology. 2014;121(s1):57-65. 
6. Getahun D, Oyelese Y, Salihu HM, Ananth CV. Previous cesarean delivery and risks of placenta previa and 
placental abruption. Obstetrics & Gynecology. 2006;107(4):771-8. 
7. Greenwood R, Samms‐Vaughan M, Golding J, Ashley D. Past obstetric history and risk of perinatal death in 
Jamaica. Paediatric and perinatal epidemiology. 1994;8(s1):40-53. 
8. Smith GC, Pell JP, Bobbie R. Caesarean section and risk of unexplained stillbirth in subsequent pregnancy. 
The Lancet. 2003;362(9398):1779-84. 
9. Allen LH. Anemia and iron deficiency: effects on pregnancy outcome. The American journal of clinical 
nutrition. 2000;71(5):1280s-4s. 
10. Group THSCR. Hyperglycemia and Adverse Pregnancy Outcomes. New England Journal of Medicine. 
2008;358(19):1991-2002. 
11. Lumbiganon P, Laopaiboon M, Intarut N, Vogel J, Souza J, Gülmezoglu A, et al. Indirect causes of severe 
adverse maternal outcomes: a secondary analysis of the WHO Multicountry Survey on Maternal and Newborn 
Health. BJOG: An International Journal of Obstetrics & Gynaecology. 2014;121(s1):32-9. 
12. El Joud DO, Bouvier-Colle M-H, Group M. Dystocia: a study of its frequency and risk factors in seven cities of 
west Africa. International Journal of Gynecology & Obstetrics. 2001;74(2):171-8. 
13. ESHRE. Multiple gestation pregnancy. Human Reproduction. 2000;15(8):1856-64. 
14. Evaldson G. The grand multipara in modern obstetrics. Gynecologic and obstetric investigation. 
1990;30(4):217-23. 
15. Pullum TW. An assessment of the quality of data on health and nutrition in the DHS Surveys 1993-2003. 
2008. 
16. Moyer CA, Mustafa A. Drivers and deterrents of facility delivery in sub-Saharan Africa: a systematic review. 
Reprod Health. 2013;10(1):40. 
17. Rutstein SO, Johnson K, MEASURE OM. The DHS wealth index: ORC Macro, MEASURE DHS; 2004. 
18. Rutstein S. Steps to constructing the new DHS Wealth Index  [10th March 2015]. Available from: 
http://www.dhsprogram.com/programming/wealth%20index/Steps_to_constructing_the_new_DHS_Wealth_Index.
pdf. 
19. Rutstein SO. The DHS Wealth Index: Approaches for Rural and Urban Areas. USAID, 2008  Contract No.: No. 
60. 
20. McNutt L-A, Wu C, Xue X, Hafner JP. Estimating the relative risk in cohort studies and clinical trials of 
common outcomes. American journal of epidemiology. 2003;157(10):940-3. 
21. Zou G. A modified poisson regression approach to prospective studies with binary data. American journal of 
epidemiology. 2004;159(7):702-6. 
22. Dujardin B, Cutsem RV, Lambrechts T. The value of maternal height as a risk factor of dystocia: a meta‐
analysis. Tropical Medicine & International Health. 1996;1(4):510-21. 
23. Krasovec K, Anderson MA. Maternal nutrition and pregnancy outcomes: anthropometric assessment: PAHO; 
1991. 
24. Mukuria A, Aboulafia C, Themme A. The context of womens health: results from the Demographic and 
Health Surveys 1994-2001. 2005. 
25. Rosen MG, Dickinson JC, Westhoff CL. Vaginal birth after cesarean: a meta-analysis of morbidity and 
mortality. Obstetrics & Gynecology. 1991;77(3):465-70. 
 12 
 
26. Denison F, Norwood P, Bhattacharya S, Duffy A, Mahmood T, Morris C, et al. Association between maternal 
body mass index during pregnancy, short‐term morbidity, and increased health service costs: a population‐based 
study. BJOG: An International Journal of Obstetrics & Gynaecology. 2014;121(1):72-82. 
27. El-Gilany A-H, Hammad S. Body mass index and obstetric outcomes in pregnant in Saudi Arabia: a 
prospective cohort study. Annals of Saudi medicine. 2010;30(5):376. 
28. Han Z, Mulla S, Beyene J, Liao G, McDonald SD. Maternal underweight and the risk of preterm birth and low 
birth weight: a systematic review and meta-analyses. International journal of epidemiology. 2011;40(1):65-101. 
29. Bhattacharya S, Campbell DM, Liston WA, Bhattacharya S. Effect of body mass index on pregnancy outcomes 
in nulliparous women delivering singleton babies. BMC public Health. 2007;7(1):168. 
30. Poobalan A, Aucott L, Gurung T, Smith WCS, Bhattacharya S. Obesity as an independent risk factor for 
elective and emergency caesarean delivery in nulliparous women–systematic review and meta‐analysis of cohort 
studies. Obesity Reviews. 2009;10(1):28-35. 
31. Kristensen J, Vestergaard M, Wisborg K, Kesmodel U, Secher NJ. Pre‐pregnancy weight and the risk of 
stillbirth and neonatal death. BJOG: An International Journal of Obstetrics & Gynaecology. 2005;112(4):403-8. 
32. Chu SY, Kim SY, Lau J, Schmid CH, Dietz PM, Callaghan WM, et al. Maternal obesity and risk of stillbirth: a 
metaanalysis. American journal of obstetrics and gynecology. 2007;197(3):223-8. 
33. Gaudet L, Ferraro ZM, Wen SW, Walker M. Maternal obesity and occurrence of fetal macrosomia: a 
systematic review and meta-analysis. BioMed research international. 2014;2014. 
34. Weiss JL, Malone FD, Emig D, Ball RH, Nyberg DA, Comstock CH, et al. Obesity, obstetric complications and 
cesarean delivery rate–a population-based screening study. American journal of obstetrics and gynecology. 
2004;190(4):1091-7. 
35. Chu SY, Callaghan WM, Kim SY, Schmid CH, Lau J, England LJ, et al. Maternal obesity and risk of gestational 
diabetes mellitus. Diabetes care. 2007;30(8):2070-6. 
36. Heinonen S, Kirkinen P. Pregnancy outcome after previous stillbirth resulting from causes other than 
maternal conditions and fetal abnormalities. Birth. 2000;27(1):33-7. 
37. Zhu B-P, Rolfs RT, Nangle BE, Horan JM. Effect of the interval between pregnancies on perinatal outcomes. 
New England journal of medicine. 1999;340(8):589-94. 
38. Basso O, Olsen J, Knudsen LB, Christensen K. Low birth weight and preterm birth after short interpregnancy 
intervals. American journal of obstetrics and gynecology. 1998;178(2):259-63. 
39. DeFranco E, Ehrlich S, Muglia L. Influence of interpregnancy interval on birth timing. BJOG: An International 
Journal of Obstetrics & Gynaecology. 2014;121(13):1633-40. 
40. Katz J, West Jr KP, Khatry SK, Christian P, LeClerq SC, Pradhan EK, et al. Risk factors for early infant mortality 
in Sarlahi district, Nepal. Bulletin of the World Health Organization. 2003;81(10):717-25. 
41. WHO. Antenatal care and maternal health: how effective is it. A review of evidence. 1992  Contract No.: 11. 
42. Nonyane BA, Williams EK, Blauvelt C, Shah MR, Darmstadt GL, Moulton L, et al. Clustering of Neonatal 
Deaths in Bangladesh: Results From the Projahnmo Studies. Paediatric and perinatal epidemiology. 2013;27(2):165-
71. 
43. Alam N, Ginneken Van J. Repeated neonatal deaths in families with special reference to causes of death. 
Paediatric and Perinatal Epidemiology. 1999;13(1):78-88. 
44. Bhutta ZA, Das JK, Bahl R, Lawn JE, Salam RA, Paul VK, et al. Can available interventions end preventable 
deaths in mothers, newborn babies, and stillbirths, and at what cost? The Lancet. 2014;384(9940):347-70. 
45. Torvie AJ, Callegari LS, Schiff MA, Debiec KE. Labor and delivery outcomes among young adolescents. 
American journal of obstetrics and gynecology. 2015;213(1):95. e1-. e8. 
46. Weng Y-H, Yang C-Y, Chiu Y-W. Risk assessment of adverse birth outcomes in relation to maternal age. PloS 
one. 2014;9(12):e114843. 
47. Althabe F, Moore JL, Gibbons L, Berrueta M, Goudar SS, Chomba E, et al. Adverse maternal and perinatal 
outcomes in adolescent pregnancies: the Global Network’s Maternal Newborn Health Registry study. Reproductive 
health. 2015;12(Suppl 2):S8. 
48. Cleary-Goldman J, Malone FD, Vidaver J, Ball RH, Nyberg DA, Comstock CH, et al. Impact of maternal age on 
obstetric outcome. Obstetrics & Gynecology. 2005;105(5, Part 1):983-90. 
49. Fretts RC, Schmittdiel J, McLean FH, Usher RH, Goldman MB. Increased maternal age and the risk of fetal 
death. New England Journal of Medicine. 1995;333(15):953-7. 
50. Jolly M, Sebire N, Harris J, Robinson S, Regan L. The risks associated with pregnancy in women aged 35 years 
or older. Human reproduction. 2000;15(11):2433-7. 
 13 
 
51. Bloom SS, Wypij D, Gupta MD. Dimensions of women’s autonomy and the influence on maternal health care 
utilization in a north Indian city. Demography. 2001;38(1):67-78. 
52. Parkhurst JO, Rahman SA, Ssengooba F. Overcoming access barriers for facility-based delivery in low-income 
settings: insights from Bangladesh and Uganda. Journal of Health, Population and Nutrition. 2006:438-45. 
53. Gabrysch S, Campbell OM. Still too far to walk: Literature review of the determinants of delivery service use. 
BMC Pregnancy and Childbirth. 2009;9(1):1-18. 
54. Mpembeni RN, Killewo JZ, Leshabari MT, Massawe SN, Jahn A, Mushi D, et al. Use pattern of maternal health 
services and determinants of skilled care during delivery in Southern Tanzania: implications for achievement of 
MDG-5 targets. BMC pregnancy and childbirth. 2007;7(1):29. 
55. Anastasi E, Borchert M, Campbell OM, Sondorp E, Kaducu F, Hill O, et al. Losing women along the path to 
safe motherhood: why is there such a gap between women's use of antenatal care and skilled birth attendance? A 
mixed methods study in northern Uganda. BMC Pregnancy Childbirth. 2015;15:287. 
56. Wanjira C, Mwangi M, Mathenge E, Mbugua G. Delivery practices and associated factors among mothers 
seeking child welfare services in selected health facilities in Nyandarua South District, Kenya. BMC Public Health. 
2011;11(1):360. 
57. Spangler SA, Bloom SS. Use of biomedical obstetric care in rural Tanzania: the role of social and material 
inequalities. Social Science & Medicine. 2010;71(4):760-8. 
58. The Service Provision Assessment. Available from: http://dhsprogram.com/What-We-Do/Survey-
Types/SPA.cfm. 
59. Perkins M, Brazier E, Themmen E, Bassane B, Diallo D, Mutunga A, et al. Out-of-pocket costs for facility-
based maternity care in three African countries. Health Policy and Planning. 2009;24(4):289-300. 
60. Ssengooba F, Neema S, Mbonye A, Sentubwe O, Onama V. Maternal Health Review Uganda. Health Systems 
Development Programme, Makerere University Institute of Public Health, 2003. 
61. Kruk ME, Mbaruku G, Rockers PC, Galea S. User fee exemptions are not enough: out-of-pocket payments for 
‘free’ delivery services in rural Tanzania 
Les exonérations de redevances ne sont pas assez: les paiements de poche des services ‘gratuits’ d’accouchement 
dans les zones rurales de Tanzanie 
La exención de tarifas para usuarios no es suficiente: pagos de bolsillo en servicios obstétricos “gratuitos” en 
Tanzania rural. Tropical Medicine & International Health. 2008;13(12):1442-51. 
62. Makaka A, Breen S, Binagwaho A. Universal health coverage in Rwanda: a report of innovations to increase 
enrolment in community-based health insurance. The Lancet.380:S7. 
63. Ministry of Health Rwanda. National Community Health Strategic Plan July 2013-June 2018. Kigali, Rwanda: 
Ministry of Health, 2013. 
64. Chambers V, Booth D. Delivering maternal health. Why is Rwanda doing better than Malawi, Niger and 
Uganda? Overseas Development Institute, 2012. 
65. Graham W. Every pregnancy faces risks. Planned parenthood challenges/International Planned Parenthood 
Federation. 1998(1):13. 
66. Campbell OM, Graham WJ. Strategies for reducing maternal mortality: getting on with what works. Lancet. 
2006;368. 
67. Carroli G, Rooney C, Villar J. How effective is antenatal care in preventing maternal mortality and serious 




Who Delivers Where? The effect of obstetric risk on facility 
delivery in East Africa 
Sandra Virgo1  
Susannah Woodd1  
Giorgia Gon1  
Francesca L. Cavallaro1  
Wendy Graham1 
Susannah Woodd1 
1 Faculty of Epidemiology and Population Health, London School of Hygiene & Tropical Medicine  
Formatted: Superscript






Skilled attendance at birth is key for the survival of pregnant women. with potential higher risk of obstetric 
complications. This study investigates whether women at increased risk of maternal and newborn 
complicationsobstetric risk in four East African countries are more likely to deliver in a health facility than those at 
lowerlow risk.  
Methods  
Demographic & Health Survey data for Kenya 20142008-9, Rwanda 2014-152010, Tanzania 2015-162010 and 
Uganda 2011 were used to study women with a live birth in the three years preceding the survey. A three-level 
obstetric risk index was created using known risk factors. available in the data set. Generalised linear Poisson 
regression was used to investigate the association between obstetric risk and facility delivery and to test whether 
wealth or education modified any association.  
Results 
We analysed data from 13,119 women across the four countries of whom 42-45% were considered at medium risk In 
Kenya, Tanzania and 12-17% at high risk, and the remainder were low risk. In Rwanda, 93% of all women delivered in 
facilities but this was lower (59-66%) in the other three countries.  ThereUganda there was no association between a 
woman’s obstetric risk level and her place of delivery in any country; increased. In Rwanda there was a small 
increase in facility delivery among women at medium risk compared to those at low risk, adjusting for wealth and 
education (adjusted RR 1.06 95% CI 1.03-1.10), but not among those at high risk. Increased wealth and education 
were, however, independently strongly associated with facility delivery but neither factor interacted with obstetric 
risk.  
Conclusions 
In four East African countries women Being at higher greater risk of obstetric complications according to our risk 
wereindex does not more likelymake a woman likelier to deliver in a facility than those with lower risk. This calls for 
a renewed focus on antenatal.  Although obstetric risk screening and improved communication on birth planning to 
ensure women with an increased chance of maternal and newborn complications are supportedis experienced by 
women of all socio-economic backgrounds, only the more privileged tend to deliver in facilities with skilled carean 





In global and national efforts to improve maternal and newborn health, a key focus, and one of the former 
Millennium Development Goal (MDG) indicators, has been to increase skilled attendance at birth (1), primarily 
through increasing the proportion of women delivering in a healthcare facility(2). Facility An increase in facility 
delivery rates have increasedhas been seen in most countries over the last decade, but, as with other health 
outcomes, this gain has been there is an inequitable distribution (3) and affected by factors including distance to 
facility and fees (4).(4). While maternal mortality has decreased since 1990, few countries reached the 75% 
reduction set for MDG5a. MDG4 has seen greaterGreater progress has been seen for MDG4, with many countries 
achieving a 2/3rds3 reduction in child mortality, however, newborn mortality lags behind that of children over 1 
month old and now contributes to almost 50% of all under 5 deaths(1). Even where regional or country-level 
progress is good, heterogeneity often exists, with poor socio-demographic factors, such as lack of education, 
associated with worse maternal outcomes(5).  At the start of the Sustainable Development Goal (SDG) era, as we 
consider how to maintainsustain and accelerate progress, one important focus must be on reaching the most 
vulnerable women: those most at high risk of maternal and newbornobstetric complications who are not receiving 
adequate care.currently falling through the gaps.  
Identifying the women most at higher risk is complex, and complications often occur in low-risk women; however 
certain well-known factors, many of which can be identified before labour, increase the chance of obstetric 
complications occurring: poor obstetric history (6-8), co-existing medical conditions(9-11) or factors related to the 
currentexisting pregnancy such as primi- or grand multi-parity and multiple pregnancy(12-14). Labour is a process 
which for many progressescan progress safely with very little or no intervention, but the development of obstetric 
complications in a minority of deliveries is unpredictable and can rapidly lead to severe morbidity or mortality for the 
mother or her baby.. Good monitoring, to detect problems early, and prompt access to skilled personnel combined 
with the appropriate resources to manage these problems areis necessary to prevent adverse outcomes. Womenthis 
occurring. Therefore, the women at higherhighest risk of developing obstetric complications shouldare the ones who 
will benefit most from skilled birth attendance at a health facility, and it is of particular importance that they access 
facility-based care where complicationscare. Some risk factors can be managed rapidly.identified before labour and 
women can be alerted to their increased risk, therefore, we predict that a higher proportion of facility deliveries will 
occur among these women.  
While previous studies have investigated some of the reasons that women do and do not access health facility care 
at birth, to our knowledge none have explored the effect of obstetric risk factors on women’s attendance. Therefore, 
we used survey data from four East African countries (Kenya, Tanzania, Rwanda, Uganda) to determine whether 
women at increased risk of obstetric complications were more likely to deliver in a facility. We also examined the 
effect of wealth and education on delivery location and whether these modified the effect of obstetric risk.  
 
METHODS 
Data used are from the most recent Demographic and Health Surveys (DHS) for the following countries and years: 
Kenya 20142008-9, Rwanda 2014-152010, Tanzania 2015-162010 and Uganda 2011. These are nationally 
representative, cross-sectional, household surveys using standardised questionnaires and shown to produce high-
quality data for low- and middle-income settings which are comparable across countries (15). Women aged 15-49 
years were included in the surveys. Our sample was of women who had had their last live birth in the three years 
prior to the survey; who were regular household members rather than visitors; and who had data on weight and 
height. The latter were available for approximately half the total sample in Rwanda and Kenya, around 31% of the 
Uganda sample, and around 99% of the Tanzania sample.. The focus birth is the most recent live birth for each 




The outcome was place of delivery for the index (most recent) birth. It was coded as a binary outcome:; facility or 
non-facility delivery, with the latter including respondent’s home, other home, traditional birth attendant’s home, en 
route to provider, or ‘other’. Facility birth was chosen in preference to skilled birth attendant (SBA) as it is less prone 
to misclassification by women and should provide the necessary equipment as well as the personnel to enable skilled 
attendance.  
An obstetric risk index for each woman in our sample was created using variables derived from DHS survey 
responses, listed in Table 1 along with the maternal/newborn complications with which they are associated. The 
selected criteria closely match those for higher risk pregnancy in the clinical guidelines from Uganda and Kenya, 
including age, parity, nutritional status, poor obstetric history and multiple pregnancy, but are unable to capture 
information on medical conditions which are not recorded in the DHS (16, 17). obstetric/delivery complications with 
which they are associated. We classified risk factors as medium if they were moderately associated with elevated 
obstetric risk such as parity, short height, poor nutritional status, short birth interval, no antenatal care and history 
of caesarean section or stillbirth with a subsequent vaginal delivery and live previous obstetric complications but not 
in the birth. prior to the index birth. Factors were classified as high risk, if they were considered to be strongly 
associated with a risk of delivery complications for mother or baby, such as caesarean section or stillbirth in the 
previous pregnancy, orbe of importance for some other reason as indicated in the table, based on epidemiological 
evidence and clinical consensus. Mothers’ weight and height, used to assess malnutrition and obesity, were 
measured during the survey interview up to 3 years after the index birth; we assumed, with the assumption that 
women had the same risk from these parameters prior to the index birth. The combination of these factors 
determined a woman’s risk at one of three levels: low, where no risk factors were observed; medium, where only 
one of the medium risk factors was observed; and high, where one or more high risk factors or two or more medium 
risk factors were observed.   
Socio-economic position, assessed using mothers’ education or household wealth, is known to be strongly associated 
with delivery location (18)(16) and was considered a potential confounder or effect modifier of any association with 
obstetric risk. It could be an effect modifier, if for example high risk impoverished women were suddenly more likely 
to deliver in a facility, while wealthier women usually do so in the first place.  Mothers’ highest educational level was 
recoded as ‘no education’; ‘primary’;primary (complete and ‘incomplete)’; ‘incomplete secondary’; ‘complete 
secondary or higher’./higher education’. Wealth indices were derived using principal component analyses from 
variables representing household assets, using standardised DHS methodology (17). The first component was 
grouped into five quintiles (Qs) of households.  For all countriesUganda, Rwanda and Tanzania we used the already-
existing wealth index within the DHS which had been created with urban-rural weightings. For Kenya the wealth 
index was not weighted by location so we created a comparable national-level composite wealth index using rural 
and urban weights (18). The weighted index aims to reduce urban-bias and better distinguish the poorest from the 
other poor households (19).  
ANALYSIS STRATEGY 
All data management and analysis was undertaken in Stata SE 14.0, using. We used svyset commands to take into 
account for the sampling strategy using individual sample weights and clustering. PercentagesThe percentage of 
women at each obstetric risk level, educational level and wealth quintile were estimated. We used generalised linear 
Poisson models to investigate the crude and adjusted effect of obstetric risk index, wealth and education on facility 
delivery. This model was chosen to estimate risk ratios because our outcome , facility delivery, is common (>10% 
incidence) and, as incidence increases, there is a growing disparity between odds ratios and risk ratios (20, 21). 
Models with interaction terms exploredwere used to explore whether wealth or education modified the association 
between obstetric risk and facility delivery. To understand obstetric risk better, we examined the association 
between each individual risk factor and delivery location, plus as well as the relationship between wealth and 




Table 1One: Medium and high risk factors included in obstetric risk index 
LIST A: MEDIUM -RISK FACTORS 
RISK FACTOR Associated obstetric complications 
First birth Maternal dystocia (12) 
Shortness (less than 145 cm used to 
be consistent with standards used by 
DHS) 
Maternal dystocia; miscarriage; stillbirth; fistula 
(12, 22-24) 
Past Caesarean in last 5 years, but 
has had vaginal delivery since and 
prior to focus birth 
 
Scar rupture; placental complications; stillbirth; 
and increased morbidity and mortality for 
mother and infant (6, 8, 25) 
Grand multiparity (focus birth is at 
least number six in live birth order) 
placental complications; foetal 
malpresentation; postpartum haemorrhage 
(14) still birth, newborn mortality(26) 
Malnutrition (BMI <18.5) low birth weight; intrauterine growth 
restriction; premature labour (26-28) 
Obesity (woman’s BMI is >30) Stillbirth; post-partum haemorrhage; pre-term 
delivery; emergency Caesarean; macrosomia; 
hypertension; pre-eclampsia; diabetes mellitus 
(29-35) 
Past stillbirth in last 5 years, but last 
birth prior to focus birth was live 
birth 
Stillbirth, , newborn mortality, intrapartum 
asphyxia, placental abruption, pre-term 
delivery (7, 26, 37)Stillbirth, intrapartum 
asphyxia, placental abruption, pre-term 
delivery (7, 36) 
Birth interval prior to focus birth was 
12 months or less 
Stillbirth, newborn mortality, prePre-term 
birth, low birth weight, small size for 
gestational age, decreased gestational age 
associated with short birth interval (37-39) 
Sibling prior to focus birth died aged 
1-12 months 
Post-neonatal death (41) 
Post-neonatal death (40) 
 
Woman has had no ante-natal care 
in focus pregnancy 
No identification of and intervention in 
hypertension, anaemia, infections and pre-
eclampsia (42)No identification of and 
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RISK FACTOR Associated obstetric complications 
intervention in hypertension, anaemia, 




LIST B: HIGH -RISK FACTORS 
RISK FACTOR Associated obstetric complications Reason for high risk level 
Focus birth is twins or triplets Hypertension, pre-eclampsia, pre-term labour, dystocia, 
placental abruption, perinatal mortality and morbidity, uterine 
atony and postpartum haemorrhage (13, 26)(13) 
Multiple potential complications with potential 
emergency risk to the second twin. Should be 
encouraged to deliver in a facility offering 
CEmONC 
Stillbirth was last delivery prior to 
focus birth 
Stillbirth, newborn mortality, intrapartum asphyxia, placental 
abruption, pre-term delivery (77, 88, 26, 3736) 
 
Multiple potential complications including 
another stillbirth. Loss of the previous pregnancy 
can increase the importance of a successful 
outcome for mother and birth attendants 
Last delivery prior to focus birth was 
Caesarean section 
 
Scar rupture, placental complications, and increased  
morbidity and mortality for mother and infant have been 
associated with recent Caesarean section (6, 25) 
 
Multiple potential complications with increased 
risk of requiring another caesarean section 
therefore needs good access to CEmONC. There 
has been no successful trial of scar.  
Sibling prior to focus birth died in 
first month of life 
 
Associations have been found between sibling neonatal 
outcomes including stillbirth and newborn mortality (42-44) 
 
Loss of the previous newborn can increase the 
importance of a successful outcome for mother 
and birth attendants.  
Focus birth is to woman aged under 
16 
stillbirth, pre-term labour, low birthweight, neonatal mortality, 
small-for-gestational age infants (45-47) 
Multiple potential complications including 
neonatal mortality 
Focus birth is first child born to 
woman aged 35+  
 
Miscarriage, gestational diabetes, placenta previa, placental 
abruption, Caesarean delivery, macrosomia, pre-term delivery, 
low birth weight, neonatal mortality, 
multiple gestation, hypertension, foetal death, operative 
vaginal delivery, post-partum haemorrhage, stillbirth (48-50) 
Multiple potential complications. Woman has 2 




Our initial sample wasIn the rest of this article, all numbers given are weighted unless otherwise stated. A total of 
15,566 women with their most recent across the four countries had a live birth in the three3 years preceding the 
survey who were regular household members (not visitors) and who had anthropometric data: 13,360. Of these, 193 
were missing datahad information on delivery location and are not . As seen in Table Two, obstetric risk category 
could not be created for 114 (0.7%) of them, mainly due to missing information on antenatal attendance, and thus 
15,454 were included in the remainder of the results and a further 47 lacked data on at least one component of the 
risk score leaving 13,119 women with complete data for the analysis sample (Rwanda 21584514; Kenya 47333001; 
Tanzania 50334084; Uganda 1195). All numbers given are weighted unless otherwise stated.  
3856). The proportion of women considered at medium obstetric risk was similar (42-4540-43%) in each country. 
High obstetric risk was rarerless common, ranging from 1211% (95%CI 11%-1410%-12%) in Rwanda to 1719% (95%CI 
1417%-20%) in Uganda. MostKenya. The majority of women had only primary education; KenyanTanzanian and 
Rwandan women were the highestleast educated with 35% receiving only 7% (95%CI 6%-8%) and 9% (95%CI 8%-
10%) having any secondary or higher education (95%CI 33-37%)schooling respectively, compared to only 14-24% in 
the other three countries (Table 2). TheUganda (95%CI 21%-26%) and 25% in Kenya (95%CI 22%-28%). Table Three 
shows the overall proportion of women delivering in facilities was 59-66% in Kenya, Tanzania and Uganda but much 
highervaried greatly between countries, from only 45% (95%CI 41%-49%) of women in Kenya up to 79% (95%CI 77%-
80%) in Rwanda at 93% (95%CI 91-94%) (Table 3). 
A key finding is that obstetricObstetric risk level had no effect on whether a woman delivered in a facility in any of 
the four countries, Kenya, Tanzania or Uganda. In Rwanda there is good evidence that after adjusting for wealth and 
education (Table 3, obstetric risk was associated with delivery location (p=0.002). However, the effect was small and 
mainly seen among those at medium risk of whom 81% delivered in a facility compared to 76% of those with low risk 
(adjusted RR 1.06 95% CI 1.03-1.10). There was no evidence that women in Rwanda with high risk were more likely 
to deliver in a facility than those at low risk (RR 1.03 95% CI 0.97-1.08).  
MostWhen we look at the individual factors that make up obstetric risk levels, it is clear that most women were 
considered at risk because of their parity: over 40% of women in each country were either primi- or grand multi-
parous. Poor nutritional status also occurred frequently in Kenya, and Tanzania and Uganda where malnutrition or 
obesity affected 1716% (95%CI 16%-19%); 14% (95% CI 13%-16%);%-18%) and 13% (95% CI 11%-1512%-14%) of 
women in each country respectively (disaggregated data shown in Table 4). The risk . In Kenya 7.4% (95%CI 6%-9%) 
of women did not havinghave antenatal care did not exceed 4% in any of , but this risk was less common in the other 
countries. Other risk factors each occurred in 5% or less than 4% of women (Table 4).  
Wealth and highest level of education showed strong, independent associations with delivery locationwhere a 
woman gave birth (Table 3). The effect of socioeconomic status both wealth and education was greatest in Kenya 
and smallest in Rwanda. Wealth did not modify the There is no evidence that wealth or education modified the 
effect of obstetric risk on facility delivery in any of the countries. (Appendix Table A), irrespective of cell sizes. While 
facility deliveries clearly increased with increasing wealth and education, the relationship with obstetric risk is similar 
in all quintilessocio-economic groups (Fig. 1 and Appendix Table A). There is statistical evidence that education 
modified the association between obstetric risk and delivery location in Kenya and Tanzania (Appendix TableFig. A). 
Among the most educated Tanzanian women, those at high risk were more likely to deliver in a facility than women 
at low risk (RR 1.12 95% CI 1.05-1.20). However, in Kenya, there is no consistent pattern. 
Obstetric risk level did not vary byaccording to wealth in Rwanda or UgandaTanzania (Figure 2 and Appendix Table 
B). In Kenya and Tanzania,Uganda there is evidence of for small differences in risk according to a difference in risk 
levels by wealth but patterns are inconsistent: high obstetric risk was commonestwoman’s socio-economic status. In 
Kenya, high obstetric risk is more common among the poorest women and less common among the richest. 
Conversely in Uganda, low obstetric risk is more common among the richest women in Tanzania but among the 
poorest in Kenyathan those of other wealth levels. (Fig.2 and Appendix Table B).  
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Individual risk factors showed a more complex relationship with wealth. Primiparous women were overall more 
likely to be wealthy and to deliver in a facility, whereas grand multiparity was associated with being poor and giving 
birth outside a health facility, although in Rwanda this relationship was less pronounced (Fig 3 and Appendix Table 
C).4). The same pattern is seen for under- and over-nutrition; malnourished women in Kenya and Tanzania, and to a 
lesser extent in the other two countries (Table 4 and Appendix Table C); those suffering from malnutrition were 
poorer and less likely to deliver in a facility, while the opposite was seen for obese women (Table 4 and Appendix 
Table C)..  
Having a caesarean section in the birth prior to the index birth showed the strongest association with facility delivery 
and occurred more often among women of higher socio-economic status. However, however, it was a risk factor for 
only 1-53% of women studiedin the study. A similar pattern was seen for primiparous women aged over 35 years, 
but there were too few in the samplestudy population to be able to draw any conclusions. Women who did not 
attendingattend antenatal care were less likely to haveattend a facility for their delivery everywhere except Uganda, 
but the relationship between no antenatal care and wealth was inconsistentmore likely to be poor. Other factors 
showed little or no consistent association with either wealth or facility delivery.  
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Table 2:  Distribution of women’s obstetric risk, wealth and education in four East African Countries 








  Weighted  





















Low  988 (46) 1967 (41) 1997 (40) 477 (39) 
Medium  903 (42) 2005 (42) 2266 (45) 514 (42) 
High  267 (12) 762 (16) 770 (15) 204 (17) 
Missing 0 (0) 13 (0.3) 15 (0.3) 19 (2) 
Wealth 
quintiles 
Poorest 534 (25) 1074 (23) 1183 (23) 266 (22) 
Poorer 468 (22) 950 (20) 1057 (21) 258 (21) 
Middle 401 (19) 865 (18) 945 (19) 232 (19) 
Richer 373 (17) 884 (19) 978 (19) 229 (19) 
Richest 383 (18) 974 (21) 884 (18) 230 (19) 
Education 
levels 
No education 289 (13) 527 (11) 975 (19) 149 (12) 
Primary  1556 (72) 2564 (54) 3251 (64) 778 (64) 
Secondary or higher 313 (14) 1655 (35) 822 (16) 287 (24) 





TABLE 3: Association between women’s obstetric risk, wealth or education and having a facility delivery in four East African countries 

















































Total 93%    66%    66%    59%    
Obstetric 
Risk index 
   0.6356    0.7800    0.3745    0.3095 
Low 92% 1.00 1.00  67% 1.00 1.00  65% 1.00 1.00  58% 1.00 1.00  

































 71%  1.09 
(1.02-
1.17) 
 1.01  
(0.95-
1.07) 







Wealth    0.0001    <0.0001    <0.0001    <0.0001 
Poorest 87% 1.00 1.00  33% 1.00 1.00  45% 1.00 1.00  36% 1.00 1.00  










53%  1.19  
(1.05-
1.34) 
 1.16  
(1.03-
1.31) 












































































Education    0.0003    <0.0001    <0.0001    0.0067 
None 85% 1.00 1.00  27% 1.00 1.00  46% 1.00 1.00  41% 1.00 1.00  
Any 
Primary  
















































*adjusted for all other variables in the table
 11 
 
Table 4: Association between women’s individual obstetric risk factors and having a facility delivery in Four East African countries 
 
RWANDA N=2158 KENYA N=4733 TANZANIA N=5033 UGANDA N=1195 
MEDIUM RISK FACTORS 
weighted 
































Focus birth was first-born 588 (27) 98 
1.07 
(1.05-1.10) 
1160 (25) 83 
1.37 
(1.31-1.44) 
1301 (26) 79 
1.30 
(1.24-1.36) 
172 (14) 72 
1.30 
(1.15-1.45) 
Height <145cm 56 (3) 95 
1.03 
(0.97-1.09) 
43 (0.9) 70 
1.05 
(0.82-1.35) 
88 (2) 75 
1.14 
(0.99-1.32) 
14 (1) 45 
0.77 
(0.41-1.45) 
Previous Caesarean but vaginal 
delivery before focus birth 
0 (0) N/A N/A 3 (0.1) 36 
0.54 
(0.16-1.87) 
0.3 (0.01) 100 
1.52 
(1.46-1.59) 
3 (0.2) 85 
1.46 
(0.95-2.25) 
Grand multiparous (>=6 live 
births) 
292 (14) 86 
0.92 
(0.87-0.96) 
749 (16) 39 
0.54 
(0.49-0.61) 
1025 (20) 48 
0.68 
(0.62-0.74) 
383 (32) 51 
0.83 
(0.73-0.95) 
Malnourished (BMI < 18.5) 96 (4) 87 
0.93 
(0.86-1.01) 
420 (9) 46 
0.68 
(0.60-0.76) 
357 (7) 59 
0.89 
(0.80-0.99) 
114 (10) 58 
0.99 
(0.82-1.19) 
Obese (BMI >= 30) 96 (4) 94 
1.01 
(0.96-1.08) 
406 (9) 88 
1.37 
(1.29-1.44) 
365 (7) 93 
1.46 
(1.38-1.55) 
33 (3) 71 
1.23 
(0.94-1.62) 
Previous stillbirth, but 
subsequent live birth prior to 
focus birth 
4 (0.2) 100 
1.08 
(1.06-1.09) 
5 (0.1) 47 
0.70 
(0.27-1.86) 
18 (0.4) 62 
0.95 
(0.62-1.46) 
1 (0.1) 100 
1.72 
(1.62-1.83) 
Short preceding birth interval 
(<=12months) 
22 (1) 82 
0.87 
(0.70-1.12) 
39 (0.8) 52 
0.78 
(0.56-1.08) 
42 (0.8) 53 
0.81 
(0.61-1.07) 
16 (1) 44 
0.76 
(0.41-1.40) 
Previous baby died aged 1-12 
months 
22 (1) 95 
1.03 
(0.94-1.13) 
71 (2) 58 
0.87 
(0.65-1.15) 
92 (2) 59 
0.90 
(0.73-1.11) 
35 (3) 54 
0.93 
(0.63-1.36) 
Woman has had no antenatal 
care 
20 (1) 57 
0.61 
(0.39-0.95) 
173 (4) 16 
0.23 
(0.15-0.35) 
113 (2) 27 
0.40 
(0.26-0.60) 
36 (3) 39 
0.66 
(0.39-1.12) 






Focus birth twins/triplets 28 (1) 100 
1.08 
(1.06-1.09) 
83 (2) 73 
1.10 
(0.91-1.31) 
87 (2) 70 
1.06 
(0.89-1.26) 
21 (2) 60 
1.03 
(0.69-1.53) 
Last delivery before focus birth 
was stillbirth 
8 (0.4) 100 
1.08 
(1.06-1.09) 
30 (0.6) 78 
1.18 
(0.97-1.44) 
53 (1) 70 
1.07 
(0.85-1.35) 
8 (1) 65 
1.12 
(0.61-2.04) 
Last delivery before focus birth 
was Caesarean 
98 (5) 100 
1.08 
(1.06-1.10) 
118 (3) 92 
1.40 
(1.30-1.51) 
81 (2) 95 
1.45 
(1.36-1.56) 
33 (3) 72 
1.25 
(0.99-1.57) 
Previous baby died in first 30 
days of life 
36 (2) 91 
0.98 
(0.87-1.09) 
102 (2) 74 
1.12 
(0.94-1.33) 
104 (2) 70 
1.06 
(0.92-1.23) 
36 (3) 56 
0.96 
(0.66-1.40) 
Woman was under 16 at time 
of focus birth 
4 (0.2) 100 
1.08 
(1.06-1.09) 
40 (0.8) 65 
0.98 
(0.77-1.25) 
41 (0.8) 56 
0.85 
(0.61-1.17) 
4 (0.3) 51 
0.88 
(0.40-1.96) 
Focus birth was first born to a 
woman aged 35+ 
4 (0.2) 100 
1.08 
(1.06-1.09) 
2 (0.04) 100 
1.51 
(1.47-1.55) 








































































































RWANDA KENYA TANZANIA UGANDA
low risk medium risk high risk
*Facility delivery risk ratio comparing richest to poorest women adjustd for obstetric risk (95% Confidence Interval). All p-values<0.001 
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risk high risk medium risk low
 14 
 












































Overall obstetric risk, as defined in our study, was not meaningfully associated with delivery location. This is 
concerning as it suggests that women with a higher risk of developing maternal or newbornobstetric complications 
are as likely to deliver at home or in a facility , without direct access to care, as women without specific risk factors. 
PossibleThere are many possible explanations relate to access, awareness of risk, and concerns about quality of care.  
Geographicalfor this finding. Even when women desire a facility delivery, geographical and financial barriers to 
facility care are known (52) and are supported by the large associations seen between wealth and facility delivery in 
our data. Preterm and short labours reduce the opportunity to overcome these barriers, and are more common with 
risk factors such as multiple gestation and grand multiparity. Other family members, who have not learnt about a 
woman’s risk at antenatal appointments,can exist, or the decision may decidenot be theirs to make. Husbands, 
mothers and mothers-in-law may choose where shea woman gives birth. For example, in Uganda, husbands are very 
important in both choosing and overcoming barriers to access facility delivery (53).  
Women, and are less likely to accompany her to antenatal appointments and learn about the woman’s risk (51-53). If 
women do not receiving ANCreceive antenatal care then they might be unaware of their risk; advice. Advice given 
during ANC to deliver in a health facility has been shown to predict use of skilled facility delivery care (54, 55) and 
ANC was strongly associated with facility delivery in this study,  except in Uganda. The large majority of women (96-
99%) attended at least one antenatal appointment, however, from the DHS reports for these countries we know only 
around half of women attended the recommended four visits (56-59). Some risk factors, like multiple gestation, are 
harder to identify in low-resource settings without easy access to ultrasound scans. Certain at-risk women may not 
understand advice. However, some women may not understand or believe the information they are given, for 
example women who have delivered safely at home for previous births may not appreciate that their grand multi-
parity now puts them at a higher risk (18). Some women will grasp the risk(16). Some women will appreciate the 
chance of complications occurring but doubt the quality of facility care or fear neglect and maltreatment (53, 55), 
especially if they experienced a stillbirth or newborn death in a previous pregnancy.. For others, demands such as 
caring for older children may take priority over a stay in hospital.  
Antenatal care, which is at least partially accessed by the large majority of women, provides a key opportunity to 
identify women at increased obstetric risk, explain the importance of skilled attendance and encourage birth 
planning. Risk identification is acknowledged in the new WHO recommendations on ANC as important to reduce 
maternal morbidity and mortality (60) and it is therefore surprising that none of the 49 recommendations specifically 
addresses risk identification or describes the constituents of a high-risk pregnancy. This reflects the change in 
emphasis that occurred in the early 2000s, away from a risk approach to considering every pregnancy to be at risk. 
However, we would argue alongside others (26), that it is important to identify pregnancies with higher risk for the 
mother and baby, inform women of this risk and encourage and enable them to deliver in a hospital with the 
capacity to manage complications and perform Caesarean sections (CEmONC).  
Communication on birth preparedness and complication readiness, as described in the earlier WHO guidelines on 
health promotion for maternal and newborn health (61), is expected to occur at all ANC contacts so is only referred 
to in recommendations for community-based interventions and task shifting. All four countries in our analysis have 
introduced focussed ANC, including four antenatal visits, communication on birth preparedness and 
recommendations for all women to deliver with a skilled attendant. However, studies in Kenya, Uganda and Tanzania 
observed only 24-76% of women received birth preparedness advice and only 7% of Ugandan women were informed 
about danger signs (62, 63) indicating that the quality of ANC is poor and needs improvement. All women should be 
encouraged to deliver in a health facility(2), but particular attention should be given to women with any identified 
risk factors, many of whom should be recommended to deliver not only in a facility but in one offering 
comprehensive emergency obstetric care. Monitoring of ANC activities, both routinely and in surveys such as the 
Service Provision Assessment(64), should include indicators on  risk assessment and communication. 
While it does not address all the barriers mentioned above, antenatal care does provide a key opportunity to identify 
obstetric risk, educate women and encourage facility delivery. Analyses from Kenya and Tanzania suggest that a 
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woman’s knowledge of safe birth and pregnancy risk factors increase her chances of utilising maternal healthcare 
(54, 56). When problems arose, Tanzanian women were more likely to say they wanted to give birth in a facility (57), 
demonstrating an appreciation of the need for skilled care. All women should be encouraged to deliver in a health 
facility(2), but particular attention should be given to women with any identified risk factors, many of whom should 
be recommended to deliver not only in a facility but in one offering comprehensive emergency obstetric care. 
Monitoring of ANC activities, both routinely and in surveys such as the Service Provision Assessment(58), needs to 
include this aspect of communication. 
Overall facility delivery rates varied widely between the countries studied, suggesting that differences in health 
policy, including fee exemption schemes, and health service delivery (access and quality) affected uptake of facility 
care. (Population distribution might also be relevant:, for example Kenya has remotedesert areas, while Rwanda is 
smallera small country, making travel easier..) User fees for maternity services were abolished in Tanzania and 
Uganda before the period studied, as well as in Kenyan health centres and dispensaries.  However, neither Kenya, 
nor Uganda saw immediate improvements in facility deliveries as a result (65, 66)of this change (59, 60) and studies 
in Kenya and Tanzania show mostthe majority of women continued to pay a service fee, despite the policy (65, 
67)(59, 61).  
Rwanda notably has both a higher overall facility delivery rate and smaller differences between rich and poor than 
the other three countries. As well as developing a successful health insurance scheme (68), making maternity care 
more financially accessible, the country has also invested heavily in the development of their Community Health 
Worker (CHW) programme. CHWs provide community education, identify pregnant women and give ongoing 
encouragement to attend ANC and deliver in a facility(69). Between 2005 and 2010 a steep increase in facility 
deliveries was seen in Rwanda (70), coinciding with sustained capacity building of CHWs especially through training 
in Maternal and Child Health. However, almost 80% of these facility deliveries occur in low-level facilities not offering 
full basic emergency obstetric care (BEmOC), compared to Uganda and Kenya where over 40% of facility deliveries 
occur where comprehensive emergency care is provided (71).  
Similar to other studies(3), we found women with a higher socio-economic status or educational level were much 
more likely to deliver in a facility. In Tanzania, education appeared to modify the effect of risk on delivery location 
with obstetric risk driving place of delivery only among better educated women. The difference in facility delivery 
rates between risk groups was small and these results were not replicated elsewhere so should be treated with 
caution. However, it is plausible that more educated women might better understand the complex concept of risk 
and subsequently deliver in a facility, and improving girls’ education should be advocated for this and many other 
reasons.  
WealthRwanda stands out as having both a higher overall facility delivery rate and smaller differences between rich 
and poor than the other three countries. As well as developing a highly successful health insurance scheme (62), 
making maternity care more financially accessible, the country has also invested heavily in the development of their 
Community Health Worker (CHW) programme. CHWs provide education at the community level, identify pregnant 
women and give ongoing encouragement to attend ANC and deliver in a facility(63). Between 2005 and 2010 a steep 
increase in facility deliveries was seen in Rwanda (64), coinciding with sustained capacity building of CHWs especially 
through training in Maternal and Child Health.  
Similar to other studies(3), we found women with a higher socio-economic status were much more likely to deliver in 
a facility. However, wealth did not modify the effect of obstetric risk on delivery location and there is no consistent 
association across countries between wealth and overall obstetric risk. This is probablylikely to be explained by the 
clustering of individual components of obstetric risk into different wealth groups, especially those associated with 
parity and nutrition. The most common obstetric risk factors related to parity and our. Our results confirm those of 
other studies which show higher parity is not only an obstetric risk isfactor, associated with post-partum 
haemorrhage and foetal mal-presentation, but is also associated with both lower socioeconomic status and lower 
likelihood of facility delivery (18). Conversely, due to their smaller completed family size, richer women in the 
sample(16). Conversely, due to their smaller family size, richer women are more likely to be giving birth for the first 
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time, putting them at increased risk of complications associated with first delivery, such asfrom obstructed labour. 
However, they are more likely to deliver their baby in a health facility. Socio-economic status is therefore an integral 
part of the relationship between risk and facility delivery, affectinghaving a large effect on the most common factors 
that increase obstetric risk as well on women’s decisions aboutresponse to that risk in terms of where they give 
birth.    
LIMITATIONS TO OUR STUDY  
We used a simple approach to measuring obstetric risk, taking the factors available in population-based surveys 
known to carry an increased risk of obstetric complications, and using the premise that once a woman had a risk 
factor she would be more likely to benefit from delivering in a facility. and should be given that option.  We 
regardeddid regard certain factors, and the combination of 2 or more factors, as increasing a woman’s risk further 
(grouped under the “high-risk” category). However, we did not attempt to weight the factors beyond this. This 
categorisation has not been done before and the association between this grouping of risk factorsthese categories 
and actual health outcomes for women and newborns is unknown, although based on evidence supporting the 
individual factors.  
Some important risk factors are not collected in the DHS and thus we could notwere unable to include these in our 
categories, notably clinical risk factors such as diabetes and anaemia, previous poor obstetric history such as 
haemorrhage and pre-eclampsia, as well as clinical risk factors identified in the current pregnancy, such as pre-
eclampsia or placenta praevia. Therefore, women whom we categorised as low -risk may have been identified with 
such risk -factors in the pre-pregnancy or antenatal period, weakening any potential association between obstetric 
risk and delivery location. Furthermore, while some risk factors for obstetric risk factors are identifiable prior to 
delivery, predictingthe potential to predict antenatally which women will develop complications at birth is 
difficultlow (72-74)(65-67). Consequently, the priority in low-resource settings where emergency transport is 
unavailable is still to ensure that all women have access to high-quality delivery care in a health facility.  
The DHS relies on self-reported data and there could be differences between individuals’ recall and characterisation 
of risk factors. Self-reported aspects of risk likesuch as previous caesarean section or stillbirth may suffer from 
under-reporting for personal reasons, but it is unclear if this would vary by should not be differentially reported 
between women of varying socioeconomic background, or in which direction. The validity of self-reported data for 
factors such as previous caesarean section is known to be high (75).backgrounds. The use of the DHS’ wealth 
quintiles is imperfect as they are relative measures of wealth within-country wealth, and countries constructed 
systematically, but they are not directly comparable between countries. The wealth indices areWe have, however, 
used wealth index weighted to mitigateby urban/rural status so that disparities.  between urban and rural 
households are mitigated. 
The DHS only provides detailed data about live births, as reported by the mother. Therefore, our sample 
excludesanalysis is missing information for women who died or who had a stillbirthstill-birth in the indexfocus 
pregnancy – two important potential consequences of obstetric complications. Some early neonatal deaths may also 
have been misclassified as stillbirths and not included in our sample of live births.  
Women’s weight was measured at the time of the survey and we assumed that they were in the same weight 
category (malnourished, low- risk or obese) at the time of their index pregnancy, whereas this mightweight gain or 
loss could have changedoccurred following delivery. Possible misclassification is of most concern in Kenya and 
Tanzania where 19% and 15% respectively of women were categorised as at medium risk based on their weight 
compared to less than 4% in Rwanda and Uganda. However, the similarity in the mainoverall results acrossseen in all 
four countries, despite differences in the contribution of weight to medium risk scores (8-18%) suggests any 
potential misclassification is unlikely to be causing major bias. Data on previous caesarean sections and stillbirths is 
only available for the 5 years preceding the survey:, therefore earlier events are not captured in our risk factors, and 
we may have misclassified medium or high-risk women as having a lower obstetric risk. However, for the variables 
which used death of a sibling to predict obstetric complications, we only used information relating to the 




The troubling key message from our results is that many women who can be easily identified before delivery as 
being at increased potential risk of maternal and newborn obstetric complications are not delivering within a health 
facility. Many of these Although there is still room for improvement in availability and quality of obstetric care 
services in health facilities in the four countries studied, many of the potential complications identified would 
require urgent care unavailablewhich is not feasible to provide at home, such as caesarean section. Instead, it 
appears to beis a woman’s socio-economic status and education that determines her likelihoodchance of a facility 
delivery. OnePerhaps the most straightforward way to improveof tackling this situation could be a renewed focus 
within would be to exploit the educational component of ANC on , particularly where it relates to screening for 
obstetric risk and improving communication around birth planning to reduce context-specific 
barriersencouragement to deliver in a facility delivery. Further research into the quality of ANC communication, the 
effect of increased awareness of risk on women’s decision-making, and the specific barriers faced by high-risk 
women will help to highlight the key areas for intervention and to strengthen service quality. In country, greater 
attention could also be given to service innovations such as maternity waiting homes which lessenthat can help to 
overcome some of the inequities related to transport and geographical accessibility of facility care. Lessons can also 
be learned from the comparative equity and high proportion of facility deliveries seen in Rwanda, exploring the role 
of community-based interventions to improve birth preparednessfor maternal and newborn health and 
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